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Originally  intended  to  be  a  guide  to  the  practitioner 
desirous  of  testing  for  refractive  defects  by  the  subjective 
method,  the  author  has  seen  fit  in  this,  the  second,  edition 
to  add  a  chapter  on  retinoscopy.  There  is  no  denying 
that  in  the  case  of  patients  who  are  compelled  by  the 
necessity  of  earning  their  living  to  use  their  accommoda¬ 
tion  frequently  it  is  almost  impossible  to  insist  on  the  use 
of  a  mydriatic  unless  the  need  for  so  doing  is  urgent.  In 
this  class  of  patients  subjective  eye-testing  is  of  decided 
advantage.  Unfortunately,  however,  the  glasses  the 
patient  prefers  are  not  always  those  which  he  ought  by 
right  to  be  wearing,  and  the  practitioner  can  only  get  an 
approximate  idea  of  the  right  glasses  by  this  method. 
Retinoscopy  without  a  mydriatic  is  by  no  means  easy 
unless  the  surgeon  has  had  a  good  deal  of  practice  in 
refraction  work.  On  the  whole,  therefore,  it  would  seem 
best  for  the  general  practitioner — and  it  is  for  him  the 
book  has  been  written — to  insist  on  the  use  of  a  mydriatic 
by  the  patient  prior  to  retinoscopy  in  all  cases  in  which  it 
is  convenient,  and.  always  in  the  case  of  children.  We 
think,  therefore,  that  Ur.  Hardwicke’s  new  chapter  is 
entirely  in  place,  and  that  the  value  of  the  book  has  been 
much  enhanced  by  its  addition.  The  little  work  is  in 
every  way  reliable,  straightforward,  and  clear,  and  we 
heartily  recommend  it  as  a  preliminary  to  a  perusal  of 
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PREFACE 


rpHIS  little  manual  was  originally  compiled 
in  the  form  of  notes  as  aids  to  memory, 
and  only  dealt  with  Refraction  in  its  subjective 
form.  It  was  thought,  however,  to  be  incom¬ 
plete  without  a  few  notes  on  the  objective  form, 
generally  known  as  Retinoscopy,  and  these 
were  added  in  a  second  edition.  In  the  present 
edition  the  little  book  has  been  thoroughly 
revised,  and  in  some  parts  re-written.  It  was 
not  in  its  original,  nor  is  it  now,  in  its  revised 
and  slightly  enlarged  form,  intended  to  super¬ 
sede  larger  and  more  comprehensive  works  on 
Refraction,  but  merely  to  act  as  companion  to 
them,  and  enable  the  busy  practitioner  to  test 
the  sight  of  a  patient,  and  prescribe  the  neces¬ 
sary  correcting  glasses,  in  the  shortest  possible 
space  of  time.  To  the  student  it  is  hoped  it 
may  be  found  helpful  as  an  introduction  to  the 
study  of  Refraction. 

W.  W.  H. 

42,  Carlyle  Square,  S.W. 
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Ax.  Axis. 

B.  Base. 

B.E.  Both  eyes. 

Cyl.  Cylinder. 

D.  Dioptre. 

G-.D.  Greatest  defect. 

L.D.  Least  defect. 

L.V.(E.)Left  vision  (eye). 
Mn.  Meridian. 


p.p.  punctum  proximum 

p.r.  punctum  remotum. 

R.V.(E.) Right  vision  (eye). 
Sph.  Spheric  or  sphere. 

+  Convex  (plus). 

—  Concave  (minus). 

O  Together  with. 

->  Axis  horizontal. 

i  Axis  vertical. 
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Centi¬ 

metres. 
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58 

7*5 

-  3 

25*5 

=  10 

43 

=  17 

61 

10 

=  4 

28 

-  11 

46 

-  18 

65 

12*5 

-  5 

30*5 

=  12 

48 

-  19 

70 

15 

=  6 

33 

=  13 

51 

-  20 

74 

17*5 

=  7 

35*5 

-  14 

53 

=  21 

79 

Inches. 

-  22 
=  28 
=  24 
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100  centimetres  =  1  metre  =  89 ‘3 7  Eng*,  in. 

o 

10  millimetres  =  1  centimetre. 

1*0  gram  =  (15J)  15*432  grains. 

0*0013  gram  —  -5~o  grain. 

0*0003  gram  =  grain. 

1  mil.  (cubic  centimetre)  =  16*9  minims. 

15  mils.  =  (i  fl.  oz.)  4  fl.  dr,  13  min. 
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PART  I 


REFRACTION  AND  OPHTHALMOLOGY 


I.  Lenses  and  Refraction. 
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1.  Lenses  may  be  spherical,  cylindrical,  or 
prismatic,  and  may  be  used  either  alone  or  in 

#  Note. — The  lenses  numbered  7,  8,  and  9  are  shown  square  for 
convenience  of  illustration. 
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combination.  The  former  two  may  be  either 
concave  ( — )  or  convex  (  +  ). 

2.  Spherical  lenses  consist  of  a  refracting 

medium  with  two  opposite  surfaces,  one  or 
both  of  which  may  be  segments  of  a  sphere, 
all  the  radii  being  alike.  They  may  be  piano , 
double ,  or  periscopic  (7 repl  around,  <T/co7r£w  I 
see,  i.  e.  increase  the  distinctness  of  objects 
when  viewed  obliquely).  In  Fig.  i.  1  is  plano¬ 
convex  ;  2  is  bi-convex ;  3  is  plano-concave ; 
4  is  bi-concave ;  5  is  converging  concavo- 

convex ,  or  meniscus  (/uemaKoc  a  little  moon)  ;  6 
is  diverging  concavo-convex.  The  last  two  are 
periscopic. 

3.  A  cylindrical  lens  is  a  lens  having  one 
surface  (usually)  piano ,  while  the  other  is  the 
segment  of  a  cylinder ,  all  the  radii  being  different 
(Fig.  i.  7,  8).  The  two  principal  meridians  are 
those  of  the  greatest  and  least  refraction,  and 
are  at  right  angles  to  each  other,  the  inter¬ 
mediate  meridians  increasing  or  decreasing  in 
a  regular  ratio.  The  refracting  power  is  at  its 
maximum  in  the  meridian  (a,  b)  at  right  angles 
to  its  axis,  there  being  no  refractive  power 
whatever  in  the  opposite  meridian  (r,  d)  i.  e.  the 
meridian  of  the  axis. 

4.  A  prismatic  lens  (Fig.  i.  9)  is  one  in 
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which  the  refracting  surfaces  form  an  angle 
with  each  other. 

5.  Light  passes  from  a  luminous  body  in 
straight  lines,  called  “rays.”  These  rays 
diverge,  the  divergence  being  proportionate  to 
the  distance  from  the  luminous  point ;  the 
shorter  the  distance  the  greater  the  divergence. 
If  the  distance  is  greater  than  6  metres  rays 
are  assumed  to  be  parallel. 

6.  A  ray  of  light  meeting  a  body  may  be 
absorbed ,  reflected,  or — if  able  to  pass  through — 
refracted,  and  the  denser  the  medium,  the  slower 
is  the  ray  in  passing  through.  When  passing 
from  a  rarer  to  a  denser  medium  (unless  exactly 
perpendicular)  a  ray  is  refracted  towards  the 
perpendicular  (of  the  surface  of  the  latter)  ; 
passing  from  a  denser  to  a  rarer  medium  is 
refracted  from  the  perpendicular.  When  the 
sides  of  the  media  are  parallel,  the  angle  of 
deviation  of  the  “emergent”  ray  is  the  same  as 
the  angle  of  the  “incident  ”  (or  entering)  ray ; 
when  not  parallel,  as  in  prisms,  the  ray  is 
refracted  towards  the  base,  and  the  deviation  is 
equal  to  half  its  angle  ;  thus,  a  No.  8  prism 
produces  a  deviation  of  the  eye  of  4°. 

7.  Parallel  rays  passing  through  a  spherical 
lens  do  not  continue  parallel,  but  are  refracted, 
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converging  towards  a  point  (th  q  principal  focus) 
in  the  case  of  convex  {positive)  lenses,  and 
diverging,  and  consequently  never  focussing  at 
all,  in  the  case  of  concave  {negative)  lenses. 

8.  The  distance  the  principal  focus  is  from  the 
lens  is  termed  the  focal  length  or  measurement. 

9.  The  principal  axis  of  a  lens  is  represented 
by  a  line  passing  through  the  centre  (the  optical 
centre)  at  right  angles  to  the  surface,  through 
which  any  ray  passing  is  not  refracted.  But 
there  are  secondary  axes ,  by  which  rays  may 
pass  through  the  optical  centre,  though  not 
through  the  principal  axis,  suffering  slight 
deviation  and  emerging  in  the  same  direction 
as  they  entered,  but  the  deviation  in  thin 
lenses  is  so  slight  that  they  are  usually  assumed 
to  pass  through  in  a  straight  line. 

10.  Lenses  are  numbered  according  to  their 
refractive  power,  and  not,  as  in  the  old  system, 
according^tp^i^j^focal  length.  A  lens  of  1 
metre  (ro**ghly  40-ki.)  focus  is  taken  as  the  unit 
or  standard,  and  is  called  a  dioptre ,  all  other 
lenses  being  either  multiples  or  fractions  of  1  D. 

11.  The  focal  length  of  a  lens,  and  the  power 
required  in  a  lens  to  produce  a  certaiij^ocal 
length,  may  be  estimated  by  dividing  4$  by 
either.  Thus  a  lens  of  4  D.  has  its  focus  at 
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25  cm.,  and  it  therefore  follows  that  a  25  cm. 
focus  requires  a  lens  of  4  D. 


Lens  Scale. 
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II.  Analysis  and  Neutralisation  of  Lenses. 

12.  Objects  viewed  through  a  moving  convex 
lens  appear  to  move  in  the  opposite  direction 
to  the  lens  ;  viewed  through  a  moving  concave 
lens,  appear  to  move  in  the  same  direction ; 
and  viewed  through  a  moving  prism  show  no 
movement  unless  the  prism  be  rotated,  but 
straight  lines  will  be  seen  to  be  broken,  and 
the  break  will  be  in  the  opposite  direction  to 
the  base  of  the  prism. 

13.  A  spherical  lens  of  either  power  will  be 
recognised  by  the  apparent  movement  of  the 
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object  being  the  same  in  every  meridian ;  a 
spbero  -  cylinder,  by  the  movement  in  one 
meridian,  being  more  pronounced  than  in 
another ;  and  a  simple  cylinder,  by  the 
movement  being  in  only  one  meridian — the 
axis  meridian  having  no  focus. 

1 4.  Lenses  are  neutralised  by  opposite  powers 
of  the  same  degree,  and  this  is  best  effected  by 
sphericals.  To  neutralise  a  simple  cylinder, 
find  the  spherical  lens  which  neutralises  in  the 
opposite  meridian  to  the  axis.  Then  prove 
with  the  cylinder.  To  neutralise  a  sphero- 
cylinder,  find  the  spherical  lens  which  neutra¬ 
lises  in  one  meridian,  then  do  the  same  for  the 
other.  The  cylindrical  part  of  the  combination 
is  denoted  by  the  difference  in  strength  of  the 
two  sphericals,  the  spherical  part  being  the 
weaker  of  the  two  sphericals;  thus,  if  in  the 
horizontal  meridian  we  find  spli.  +  O' 5,  and 
in  the  vertical  meridian  sph.  T-  1*0,  the 
prescription  would  be,  sph.  +  0’5  3  cyl.  + 
0*5,  ax.  h.  Then  prove  with  the  spheric  and 
the  cylinder. 

15.  In  prism  combinations  the  spherical  and 
cylindrical  lenses  must  be  first  discovered, 
when  the  degree  of  the  prism  can  be  found  by 
placing  the  lens  and  its  neutralising  refractive 
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element  together,  and  looking  through  them  at 
the  prism  scale  (Fig.  xii.). 

III.  The  Refractive  or  Dioptric  System. 
16.  This  system  is  a  compound  one,  made  up 
of  a  spherical  surface  and  a  bi-convex  lens, 


Fig.  ii. 


together  being  equal  to  about  23  mm.  focus. 
It  consists  of  three  refracting  surfaces — the 
anterior  surfaces  of  the  cornea,  the  lens,  and 
the  vitreous  respectively ;  and  three  refracting 
media— the  aqueous ,  the  lens ,  and  the  vitreous. 

17.  There  are  six  cardinal  points  of  the  eye : 
two  principal  points ,  two  nodal  points ,  and  two 
principal  foci ,  all  situated  at  the  optic  axis  (21). 

#  ‘  Refraction  of  the  Eye/ 
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18.  The  two  principal  points  (Fig.  ii.  B)  are 
situated  close  together  in  the  middle  of  the 
corneal  chamber,  about  2  mm.  behind  the 
cornea.  For  all  practical  purposes  they  may  be 
considered  as  one. 

19.  The  two  nodal  points  are  situated  close 
together,  within  the  lens  and  close  to  its 
posterior  surface  (Fig.  ii.  N),  about  7  mm. 
behind  the  cornea,  and  15  mm.  in  front  of 
the  macula  or  yellow  spot — the  most  sensitive 
part  of  the  retina.  They  also  may  be  considered 
as  one. 

20.  The  principal  foci. — The  first  principal 
focus  ( F )  is  situated  about  13*7  mm.  in  front  of 
the  cornea,  and  is  that  point  on  the  axis  where 
rays,  parallel  in  the  vitreous,  meet.  The  second 
principal  focus  is  22*8  mm.  behind  the  cornea, 
and  is  the  point  on  the  axis  where  parallel 
rays  meet  after  passing  through  the  eye. 

21.  The  optic  axis  (Fig.  ii.  F  A)  is  the  line 
passing  through  the  centre  of  the  cornea,  the 
nodal  point,  and  the  centre  of  rotation  ( H ) 
9*8  mm.  in  front  of  the  retina,  to  the  inner 
side  of  the  macida  (M). 

22.  The  visual  axis  is  a  line  passing  from 
the  macula  through  the  nodal  point  to  the  object 
looked  at. 
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23.  The  visual  angle  (Fig.  iii.  G  N  D)  is  the 
angle  formed  at  the  nodal  point  (A7),  being  part 
of  a  triangle  having  its  base  at  the  object  looked 
at  ( G  D).  The  size  of  the  angle  depends  upon 
the  size  and  the  distance  of  the  object ;  thus  :  an 
object  at  AB ,  which  is  as  large  as  one  at  G  D}  but 
nearer  to  the  eye,  will  be  seen  under  a  larger 


Fig.  iii. 


(From  Hartridge.) 


angle,  the  angle  A  N  B  being  greater  than  the 
angle  GNU.  The  size  of  the  image  also,  formed 
on  the  retina,  will  depend  upon  the  antero¬ 
posterior  diameter  of  the  eyeball,  it  being 
smaller  at  1,  when  this  diameter  is  less,  as 
in  hypermetropia,  than  it  is  at  2,  as  in  emme- 
tropia,  and  larger  than  either  at  3,  as  in 
myopia,  when  the  eyeball  is  elongated.  A 
patient  may,  therefore,  be  unable  to  read  the 
smallest  type  and  still  have  some  defect  of 
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refraction,  unless  the  type  be  read  at  its  proper 
distance. 

24.  The  angle  u,  of  interest  in  strabismus,  is 
the  angle  formed  also  at  the  nodal  point,  but  by 
the  crossing  of  the  two  axes,  viz.  the  optic  and 


Fig1,  iv. 


(From  Hartridge.) 


the  visual.  In  emmetropia  (26)  this  angle  is 
usually  about  5°.  In  hypermetropia  (Fig.iv.  H ), 
owing  to  the  shortening  of  the  antero-posterior 
diameter  of  the  eyeball,  and  the  divergence  of 
the  visual  axes,  it  is  greater.  In  myopia  (Fig. 
iv.  M)  the  angle  is  less,  owing  to  the  lengthen- 
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ing  of  the  antero-posterior  diameter  and  the 
convergence  of  the  visual  axes. 

IV.  Normal  Vision  and  Accommodation. 

25.  For  normal  vision  to  exist  it  is  necessary 
that  the  axial  length  of  the  eyeball  and  the  focal 
length  (8)  should  be  the  same.  When  there  is 
the  slightest  want  of  harmony  between  these — 
either  owing  to  the  shape  of  the  eyeball  or  the 
cornea,  or  to  any  defect  in  the  accommodative 
apparatus,  it  is  necessary  for  optical  aid  to 
step  in. 

26.  By  accommodation  is  meant  the  exercise 
of  that  involuntary  power  possessed  by  every¬ 
one  whose  refraction  is  normal,  i.  e.  the  emrne- 
trope  (tju,  within  ;  jhetoov,  measure  ;  (o\p,  th  e  eye), 
and  which  enables  the  subject  to  see  objects 
between  the  p.p.  or  “near  point  ”  and  the  p.r. 
or  “  distant  point  ”  at  infinity.  It  is  the  power 
of  altering  the  focus,  i.  e.  of  unconsciously 
adapting  the  shape  of  the  crystalline  lens  (intra¬ 
ocular),  and  the  position  of  the  axis  of  the  eye¬ 
ball  (extra-ocular)  to  the  varying  conditions  to 
which  the  eyeball  is  subject.  When  accommo¬ 
dation  is  defective  and  parallel  rays  are  focussed 
behind  or  in  front  of  the  retina,  the  condition 
is  termed  ametropia  (a,  priv.,  ok,  measure). 
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27.  For  refraction  to  be  normal,  the  parallel 
rays  entering  the  eye  through  the  pupil  and 
passing  through  the  refractive  media  (10)  unite 
exactly  on  the  retina  at  the  second  principal 
focus. 

28.  During  accommodation,  the  convexity  of 
the  lens  is  altered  by  the  action  of  the  ciliary 
muscle,  which  contracting,  draws  forward  the 
choroid,  thereby  relaxing  the  suspensory  liga¬ 
ment  and  allowing  the  elasticity  of  the  lens 
when  looking  at  near  objects,  to  come  into  play. 

29.  During:  distant  vision  the  accommodative 
power  is  at  repose,  the  optic  axes  being  parallel 
or,  more  usually,  slightly  divergent,  but  imme¬ 
diately  the  visual  axes  are  directed  to  a  point 
nearer  than  infinity,  extra-ocular  accommodation 
(the  internal  recti  muscles)  acts  in  unison  with 
intra-ocular  accommodation  (the  ciliary  muscle), 
and  convergence  is  brought  into  use,  by  which 
the  maculae  of  both  eyes  are  directed  towards 
the  same  point,  so  that  images  received  upon  the 
retina  of  each  eye  are  blended  into  one,  and 
singleness  of  vision  is  produced.  If  any  defect, 
or  want  of  harmony  in  the  association  of  the 
different  parts  of  the  accommodative  apparatus 
— as,  for  instance,  when  the  image  is  formed 
on  parts  of  the  retina  which  do  not  exactly 
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correspond  in  the  two  eyes — exists,  diplopia 
SnrXooq  double,  the  eye),  and  eventually 
asthenopia ,  results. 

30.  The  p.p.  is  the  nearest  point  of  the 
range  of  accommodation  at  which  objects  can 
be  seen  distinctly.  It  recedes  gradually  as  age 
advances.  When  it  has  receded  beyond  22  cm., 
which  it  does  about  the  age  of  forty-five,  presby¬ 
opia  occurs.  The  p.r.  is  at  infinity.  The 
space  between  the  p.p.  and  the  p.r.  is  termed 
the  “  range  of  accommodation  ”  ;  and  the  force 
necessary  to  change  the  eye  from  its  p.r.  to  its 
p.p.  (irrespective  of  the  refractive  condition  of 
the  eye)  is  a  fixed  quantity,  the  same  in  emme- 
tropes,  hypermetropes,  and  myopes,  and  is 
termed  the  “  amplitude  of  accommodation.” 


31.  Range  of  accommodation. 


At  age. 

p.p. 

Most  comfortable 

reading  point. 

10  . 

14 

D. 

.  7 

cm. 

1 1  cm 

15  . 

12 

5  5 

.  8*5 

5  5 

■  12|  „ 

20  . 

10 

55 

.  10 

55 

■  14  „ 

30  . 

7 

5  5 

.  14 

55 

.  20  „ 

40  . 

4*5 

55 

.  22 

55 

•  33  „ 

50  . 

2*5 

55 

.  40 

55 

.  60  „ 

60  . 

1 

55 

.  100 

75  . 

0 
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32.  The  p.p.  in  an  emmetrope,  aged  forty,  is 
22  cm.  An  emmetrope,  aged  twenty,  has  4- 
10  D.  of  amplitude  of  accommodation  (10).  He 
can  accommodate  to  the  extent  of  4-4*5  D. 
when  reading  at  a  distance  of  22  cm.  If  he 
is  hypermetropic  to  the  extent  of  4*5  E).,  in 
order  to  read  at  22  cm.  (9  in.),  he  would  have 
to  double  his  accommodative  effort  to  over¬ 
come  the  defect,  i.  e.  he  would  have  to  bring 
into  play  9  D.  out  of  his  total  of  10  D. 

Y.  Asthenopia. 

33.  Asthenopia  (aaOtvric  weak,  d'A  eye),  or  eye 
strain  may  be  accommodative  or  muscular. 
Accommodative  asthenopia ,  or  fatigue  of  the 
ciliary  muscle,  is  generally  associated  with 
hypermetropia  or  hypermetropic  astigmatism, 
less  frequently,  with  myopia.  In  the  former 
cases,  it  is  due  to  the  excessive  use  of  that 
muscle  where  errors  of  refraction  exist  uncor¬ 
rected,  and  hypertrophy  of  the  ciliary  occurs. 
The  overstrain  may  produce  tonic  spasm,  when 
myopia  is  simulated. 

34.  Muscular  asthenopia ,  or  fatigue  of  the 
extra  -  ocular  muscles  producing  latent  im¬ 
balance  or  disturbance  of  equilibrium  ( hetero - 
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phoria ),  is  most  common  in  adults,  but  may 
occur  in  children  during  the  educational  period. 
When  the  muscular  imbalance  exceeds  a  certain 
degree,  as  is  the  case  in  converging  and  diverging 
strabismus,  diplopia  is  the  result.  Normally 
the  two  eyes  are  in  a  state  of  perfect  equilibrium 
(orthophoria),  the  adjustment  being  so  fine  as 
to  allow  of  the  images  of  objects  appearing 
exactly  on  the  same  spot  of  each  retina. 

35.  The  symptoms  of  asthenopia. — Headache, 
and  acute  pain  in  the  eyes  or  orbits  ;  the  more 
acute  it  is,  the  more  does  it  point  to  asthenopia. 
The  pain  is  increased  when  the  eyes  are  used 
for  near  objects,  but  sometimes  there  is  no  pain, 
and  at  others  it  is  referred  to  the  back  of  the 
neck;  the  type  becomes  indistinct  or  double 
and  blurred,  and  the  patient  rubs  his  eyes. 
There  is  photophobia,  lacrimation,  and  more  or 
less  conjunctival  congestion  with  blinking  of  the 
eyelids,  which  become  red  and  irritable.  The 
symptoms  are  always  accentuated  after  a  day’s 
work,  especially  if  artificial  light  has  been  used. 
In  children  headache  comes  on  shortly  after 
commencing  school  work  accompanied  by  blink¬ 
ing  of  the  eyelids. 
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VI,  Heterophoria. 

36.  Heterophoria  (frepog  different,  ^opcw  I  bear) 
or  muscular  imbalance  may  manifest  itself  in 
either  eye  as  esophoria  or  latent  convergence, 
exophoria  or  latent  divergence,  or  hyperphoria 
or  latent  deviation  upwards.  They  are  all  forms 
of  muscular  asthenopia. 

37.  Esophoria ,  usually  associated  with,  and 
often  caused  by  hypermetropia  (frequently 
latent)  is  seldom  met  with  according  to 
Hartridge,  though  common,  as  it  quickly 
passes  on  to  convergent  strabismus. 

38.  Exophoria ,  the  commonest  of  these  de¬ 
fects,  is  most  frequently  associated  with  myopia. 
The  tendency  of  the  eye  to  turn  outwards  is 
caused  by  inability  to  maintain  the  prolonged 
convergence  necessary  to  perfect  vision,  from 
insufficiency  of  the  internal  recti  muscles. 

39.  Hyperphoria ,  or  latent  deviation  upwards 
of  one  eye,  is  caused  by  insufficiency  of  the 
oblique  muscles.  It  is  usually  associated  with 
esophoria,  but  may  exist  alone.  It  is  a  common 
defect. 

40.  The  symptoms  of  heterophoria  are  those 
of  asthenopia  in  general.  Want  of  harmony 
between  the  functions  of  convergence  and 
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accommodation  is  a  frequent  source  of  head¬ 
ache,  and  if  it  persists  after  application  to  near 
work,  when  the  visual  acuteness  is  normal, 
heterophoria  may  reasonably  be  suspected. 


Fig.  v. 


a.  Emmetropic  eye.  b.  Hypermetropic  eye.  c.  Myopic  eye. 

(From  Hartridge.) 

VII.  Hypermetropia. 

41.  All  eyes  at  birth  are  hypermetropic  (in rip 
above,  /utrpov  measure,  w\p  eye),  the  ocular  de¬ 
velopment  being  incomplete  until  the  age  of 
puberty ;  hypermetropia  is  therefore  more 
common  than  myopia.  In  hypermetropia  this 
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natural  development  has  been  arrested,  with 
the  result  that  the  axial  length  (of  the  eye¬ 
ball)  is  less  than  the  focal  length  (of  vision)  ; 
in  other  words  the  eyeball  is  too  short,  the 
parallel  rays  of  light  being  brought  to  a  focus 
behind  the  retina  (Fig.  iii.  3).  The  higher  the 
degree  of  hypermetropia,  the  further  from  the 
eye  is  the  p.r. 

42.  Hypermetropic  children  should  not  be 
allowed  to  use  their  eyes  for  near  sight  till 
proper  correcting  glasses  can  be  used  with 
safety,  i.  e.  at  the  age  of  four  or  live  years.  As 
some  diminution  in  degree  may  be  looked  for, 
the  sight  should  be  tested  every  two  or  three 
years,  with  a  view  to  reducing  the  strength  of 
the  lenses.  But  after  adult  life  is  reached  no 
change  is  likely  to  occur,  though  the  defect 
will  not  be  likely  to  increase. 

43.  In  young  hypermetropes  there  is  fre¬ 
quently  a  certain  amount  of  latent  hyperme¬ 
tropia  hidden  behind  the  strong  accommodative 
effort  which  can  only  be  discovered  under 
atropine.  And  if — where  atropine  has  not 
been  used — the  hypermetropia  is  found  only  to 
be  partially  corrected,  that  the  above  exists 
may  be  looked  upon  as  a  certainty. 

44.  The  symptoms  of  hypermetropia. — Distant 
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vision  is  good.  There  is  difficulty  in  reading 
long  together,  especially  in  the  evening.  After 
reading  for  some  time  the  type  becomes  indis¬ 
tinct,  and  the  eyes  ache.  Headache,  nausea, 
and  sometimes  vomiting,  all  of  which  symptoms 
pass  off  after  a  night’s  rest.  Hypermetropes 
usually  have  small  eyes  and  pupils. 

45.  In  prescribing  glasses  for  reading  in 
hypermetropia,  it  is  advisable  to  fully  correct 
the  manifest  hypermetropia  whilst  giving  one 
third  only  of  the  correction  for  the  latent 
hypermetropia  discovered  under  atropine. 

46.  In  young  persons  whose  hypermetropia 
does  not  exceed  3  or  4  D.,  and  distant  vision  is 
good  without  glasses,  these  need  only  be  worn 
for  reading  or  near  work.  But  when  this  is 
exceeded  or  when  hypermetropia  is  compli¬ 
cated  with  convergent  concomitant  strabismus, 
glasses  should  be  worn  constantly. 

47.  A  hypermetrope  of  over  forty  years  of 
age  will  be  presbyopic  also.  The  reading  test 
must  therefore  be  applied.  The  correction  for 
the  distant  vision  only  (the  hypermetropia) 
should  be  worn  constantly. 

48.  In  hypermetropes  the  ciliary  muscle 
becomes  hypertrophied  owing  to  its  excessive 
use,  thus  overcrowding  the  ciliary  region,  with 
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the  consequence  that  glaucoma  is  most  common 
in  hypermetropic  eyes. 

49.  Where  atropine  is  not  used,  and  espe¬ 
cially  in  the  young,  with  whom  the  accommo¬ 
dative  effort  is  very  strong,  hypermetropes  will 
sometimes,  owing  to  ciliary  spasm,  prefer  a 
concave  to  a  convex  lens,  the  explanation  being 
that  the  concave  lens  exercises  a  stimulative 
effect  on  accommodation,  producing  a  tempo¬ 
rary  false  myopia. 

VIII.  Myopia. 

50.  In  myopia  I  close,  the  eye)  the 
axial  length  is  greater  than  the  focal  length — 
in  other  words,  the  eyeball  is  too  long,  with 
the  result  that  the  parallel  rays  are  brought  to 
a  focus  in  front  of  the  retina  (Fig.  v.  c).  In 
order  to  see  near  objects  the  eyes  must  con¬ 
verge,  with  the  result  that,  when  reading,  the 
book  is  held  close  to  the  eyes ;  and  if  this  con¬ 
vergence  be  not  counteracted  ultimate  blindness 
may  ensue. 

51.  Myopia  is  seldom  or  never  congenital, 
but  shows  itself  generally  about  the  eighth 
year.  The  earlier  it  appears  the  greater  the 
tendency  to  increase  and  the  more  serious  it  is, 
and  when  corrected  there  is  no  certainty  that 
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the  defect  will  not  increase.  When  it  shows 
itself  after  school  life  the  tendency  to  increase 
is  not  so  great,  but  when  it  increases  after  adult 
life  it  is  very  serious  and  is  then  termed  pro¬ 
gressive  myopia . 

52.  Myopia  is  the  most  serious  of  all  errors 
of  refraction.  In  the  higher  degrees  (above 
6  D.)  pathological  changes  are  apt  to  occur  in 
the  eye  which  frequently  end  in  destruction  of 
vision.  The  backward  compression  of  the 
globe  by  the  extra-ocular  muscles,  produced  in 
the  instinctive  endeavour  by  the  patient  to  im¬ 
prove  the  distant  vision  by  cutting  oif  the 
divergent  rays,  and  by  excessive  convergence 
which  is  resorted  to  for  near  work,  is  apt  to 
produce  atrophy  of  the  choroid.  Myopes,  how¬ 
ever,  enjoy  an  almost  complete  immunity  from 
glaucoma  because  of  the  atrophy  of  the  ciliary 
muscle  due  to  the  comparative  lack  of  its  use. 

53.  The  symptoms  of  myopia. — Distant  vision 
is  defective,  but  there  is  no  discomfort  with 
near  work,  though  the  object  is  held  nearer 
than  normal.  Vision  at  night  is  bad.  Sparks, 
circles,  flashes  of  light,  etc.,  may  be  seen. 
Straight  lines  appear  bent  or  broken.  There  is 
nearly  always  photophobia.  Headache  is  un¬ 
usual,  and  the  eyes  and  pupils  are  usually 
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large.  In  low  degrees,  and  when  uncompli¬ 
cated  with  astigmatism,  there  is  no  asthenopia. 
And  when  the  presbyopic  period  is  reached  the 
myopia  is  neutralised  by  the  presbyopia ,  and 
the  patient  is  able  to  read  without  glasses. 

54.  A  cycloplegic  is  always  advisable  in  the 
young  in  case  the  defect  from  spasm  of  the 
accommodation  might  appear  greater  than  it 
really  is,  and  thus  the  full  correction  be 
exceeded.  Where  it  is  not  used  the  defect 
must  be  under-corrected.  Over-correction  in 
all  cases  of  myopia  is  to  be  avoided. 

55.  Glasses  are  absolutely  necessary,  not 
only  for  near  vision  for  the  purpose  of  com¬ 
pelling  the  patient  to  read  farther  away,  but 
also  for  distant  vision.  Where  examination  of 
the  distant  vision  indicates  a  low  degree  of 
myopia,  spasm  of  the  ciliary  may  be  suspected, 
when  retinoscopy  should  be  practised  before 
any  glasses  are  ordered,  and  if  a  myopic 
shadow  be  found  the  patient  should  be  atropised 
and  re-examined. 

56.  The  reading  distance  for  a  myope  should 
be  about  35  cm.  (14  in.).  For  those  whose 
distant  vision  is  —  4  D.  and  upwards,  two 
thirds  less  power  in  the  concave  lens  should 
be  provided  for  reading.  As  the  lenses  of  the 
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glasses  will  be  worn  nearer  the  eye  than  are 
those  in  the  trial  frame,  they  should  be  about 
\  D.  less  in  power  for  every  5  D.  of  myopia. 
A  myope  of  3  D.  will  not  require  glasses  for 
reading,  as  his  p.r.  is  at  33  cm.  (13  in.).  If  he 
has  6  D.  of  myopia  he  will  require  —  3D.  in 
order  to  put  back  his  p.r.  from  16  cm.  (6|-  in.) 
to  33  cm.  The  higher  the  myopia  the  nearer 
to  the  eye  is  the  p.r. ;  but  the  p.p.  is  deter¬ 
mined  by  the  amount  of  accommodation. 

57.  In  progressive  myopia ,  if  the  myopia  in¬ 
creases  rapidly  with  irritation,  complete  rest 
must  be  given  to  the  eyes,  and  solution  of 
atropine  (gr.  j-Jj)  be  dropped  between  the  lids 
three  times  a  day  for  two  or  three  weeks ; 
counter-irritation  may  also  be  applied  to  the 
temples  or  behind  the  ears.  No  glasses  should 
be  worn  except  smoke-coloured  protectors. 
Reading  should  not  be  allowed  until  the  irrita¬ 
tion  has  subsided,  and  then  only  for  a  short 
time  in  a  good  light,  the  eyes  still  being 
atropised. 


IX.  Astigmatism. 

58.  In  astigmatism  («  not,  art y/m  point)  there 
is  a  difference  in  the  refraction  of  the  different 
meridians  of  the  same  eye,  owing  to  the  devia- 
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(From  Hartridge.) 
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tion  from  the  normal  curvature  of  the  dioptric 
surface.  The  fault  may  be  either  (1)  at  the 
lens,  or  (2)  at  the  cornea ;  and  may  be  con¬ 
genital — when  the  defect  is  generally  symme¬ 
trical  in  both  eyes,  or  acquired.  (1)  When  the 
fault  is  at  the  lens  it  is  nearly  always  con¬ 
genital  ;  but  this  organ  may  be  dislocated,  when 
it  is  acquired.  (2)  When  the  fault  is  at  the 
cornea — which  is  generally  the  case — it  may  be 
due,  congenitally,  to  unequal  shape  or  to  conical 
cornea;  pathologically,  to  nebula;  and  when 
acquired,  to  wounds  or  ulceration. 

59.  Astigmatism  exists  to  some  extent  in 
nearly  all  eyes,  but  if  only  to  such  a  small 
extent  as  not  to  disturb  vision  does  not  require 
optical  aid. 

60.  Regular  astigmatism  (Fig.  vi.)  consists  of 
0)  simple ,  wherein  one  meridian  is  defective, 
either  hypermetropic  (n)  or  myopic  (5),  the 
former  being  the  most  common  ;  (2)  compound 
where  both  meridians  are  defective,  either 
hypermetropic  (c)  or  myopic  (d),  but  in  different 
degrees  ;  (3)  mixed,  (e),  where  both  meridians 
are  defective— one  hypermetropic,  and  the  other 
myopic. 

61.  The  symptoms  of  astigmatism  are  those 
of  asthenopia  in  general.  The  head  is  fre- 
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quently  noticed  to  be  held  on  one  side  when 
an  object  is  looked  at,  with  the  nose  aw  ay  from 
the  object.  In  mixed  astigmatism  the  patient 
usually  has  a  vacant  look,  and  screws  up  his 
eyes  when  looking  at  an  object. 

62.  There  are  two  principal  meridians  in 
astigmatism  always  at  right  angles  to  each 
other.  They  are  the  meridians  of  greatest  and 
least  defect  (Gr.D.  and  L.D.).  The  meridian 
in  which  the  patient  sees  best  with  the  strongest 
convex  lens  is  that  in  which  he  sees  worst  with 
the  naked  eye  ;  it  is  therefore  the  meridian  of 
greatest  defect.  The  meridian  in  which  he 
sees  best  with  the  weakest  concave  lens  is  that 
in  which  he  sees  best  with  the  naked  eye,  and 
is  the  meridian  of  least  defect.  It  is  upon  the 
discovery  of  the  meridians  of  Gr.D.  in  liyper- 
metropia,  and  of  the  L.D.  in  myopia,  that  the 
accuracy  of  our  diagnosis,  and  correction, 
depends. 

63.  It  must  be  understood  that  the  meridians 
are  always  those  of  the  card  or  dial,  and  not  of 
the  eye.  Glasses  are  adjusted  according  to  the 
former,  which  are  the  opposite  to  what  the  meri¬ 
dians  of  the  eye  would  be  found  to  be  under 
an  objective  test  such  as  retinoscopy. 

64.  In  describing  the  meridian  in  which  the 
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greatest  refractive  defect  is  found  and  in  which 
the  axis  of  a  cylindrical  lens  is  to  be  placed, 
the  degrees  of  half  a  circle,  i.  e.,  from  1°  to  180°, 
are  used,  these  being  alone  necessary,  for  the 
meridian  of  1°  is  the  same  for  purposes  of 
refraction  as  181°  (see  Fig.  viii.).  The  hori¬ 
zontal  and  vertical  meridians,  0°  and  90°,  are 
described  as  h  and  v  respectively,  and  not  by 
the  number  of  the  degree.  These  meridians 
are  by  some  represented  by  a  horizontal  or 
vertical  arrow,  instead  of  by  the  abbreviations 
Ax.  h.  or  Ax.  v. 

65.  The  greatest  curvature  and  consequently 
the  greatest  refraction  in  the  astigmatic  eye, 
as  in  the  normal  eye,  is  usually  in  the  vertical 
meridian  ;  the  least  in  the  horizontal  meridian. 
But  there  are  exceptions  to  this,  and  when 
these  exist  the  astigmatism  is  said  to  be 
“  against  the  rule.”  In  all  forms  of  astig¬ 
matism,  the  horizontal  meridian  is  generally 
the  hypermetropic  one,  and  the  vertical  the 
myopic  one ;  consequently,  in  hypermetropic 
astigmatism  the  axis  of  the  correcting  cylinder 
is  generally  required  to  be  placed  vertically, 
and  in  myopic  astigmatism,  horizontally.  In 
simple  hypermetropic  astigmatism  the  vertical 
meridian  is  emmetropic. 
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66.  On  wearing  suitable  glasses  improvement 
is  not  always  at  first  perceptible,  especially  in 
mixed  astigmatism  (though  generally  at  once 
apparent  in  hypermetropic  astigmatism)  ;  in 
fact,  for  the  first  two  or  three  weeks  the  glasses 
may  be  worn  only  by  an  effort,  and  may  even 
increase  the  discomfort  until  the  eye  becomes 
accustomed  to  them. 

67.  Irregular  astigmatism  exists  where  the 
curvature  in  any  single  meridian  is  not  every¬ 
where  alike,  so  that  the  rays  passing  through 
the  same  meridian  are  never  united  in  one  point. 
When  congenital  the  lens  is  usually  in  fault 
(incipient  cataract )  ;  when  pathological,  it  is 
usually  the  cornea  (conical  cornea  or  ulceration) . 
This  condition  cannot  be  corrected  by  glasses. 

68.  The  stenopaic  slit  is  a  disc  having  a  narrow, 
oblong  opening  in  it,  and  may  be  found  useful 
in  diagnosing  cases  of  astigmatism.  It  is 
rotated  in  the  trial  frame  while  the  patient 
looks  steadily  at  the  distant  type,  and  the 
meridian  in  which  the  best  vision  obtained 
noted.  We  then  try  the  defective  meridian, 
first  with  spherical  convex,  and  then  with 
concave  lenses  placed  in  front  of  the  disc. 
Example :  Supposing,  with  the  slit  in  the 
vertical  meridian,  vision  is  f,  but  with  convex 
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lenses  is  indistinct,  tlie  vertical  meridian  is 
emmetropic.  Place  it  in  the  opposite  meridian 
— the  horizontal — and  vision  is  found  to  be 
but  with  sph.  +  2‘0  vision  is  §,  the  horizontal 
meridian  is  hypermetropic,  the  case  being  one 
of  simple  hypermetropic  astigmatism,  requiring 
for  correction  cyl.  +  2,  ax.  v. 

X.  Presbyopia. 

69.  Presbyopia  (irpea^vg  old,  tbxp  eye)  is  caused 
by  loss  of  elasticity  in,  and  the  power  which  it 
possesses  of  increasing  the  convexity  of,  the 
lens,  and  to  some  extent  to  loss  of  power  in 
the  ciliary  muscle,  with  consequent  recession 
of  the  p.p.  The  lens  gradually  increases  in 
size  and  approaches  the  cornea,  becoming  some¬ 
what  flatter.  The  result  is  that  near  objects 
are  not  seen  so  clearly  as  formerly,  the  p.p.  being 
farther  away,  and  receding  as  age  advances. 

70.  Symptoms  of  presbyopia. —  Gradually  in¬ 
creasing  sense  of  fatigue,  due  to  presbyopic 
asthenia,  after  reading;  and  a  feeling  as  if 
there  were  not  light  enough. 

71.  Presbyopia  generally  manifests  itself  at 
forty-five  years  of  age  or  thereabouts,  when  the 
p.p.  has  receded  beyond  the  distance  at  which  we 
are  accustomed  to  read  or  write  with  comfort 
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(22  cm.) ;  in  hypermetropia,  earlier;  in  myopia, 
later.  At  the  age  of  forty  the  eye  of  the  emme- 
trope  possesses  just  that  amount  of  refractive 
power  which  enables  him  to  see  at  22  cm. 

72.  The  lenses  for  presbyopia  ought  to  give 
distinct  vision  only,  and  not  magnify ;  they  also 
ought  first  to  be  used  only  by  artificial  or 
insufficient  light  for  very  fine  work. 

Presbyopia  with  liypermetropia . 

73.  Hypermetropes  generally  are  more  pres¬ 
byopic  than  emmetropes  at  the  same  age,  and 
therefore  require  stronger  lenses. 

74.  The  lenses  which  correct  the  hyper- 
metropia  only  should  be  worn  constantly,  the 
presbyopic  correction,  for  reading  only. 

Presbyopia  with  Myopia. 

75.  Owing  to  the  gradual  recession  of  the 
p.p.  with  advancing  age,  in  myopia  it  will  be 
longer  in  reaching  the  point  (22  cm.)  when  pres¬ 
byopia  commences  than  in  the  emmetrope,  so 
that  in  prescribing  glasses  for  presbyopes  the 
amount  of  myopia  has  to  be  deducted  from  the 
lens  which  the  emmetrope  would  require  at 
any  given  age. 
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76.  Myopia  depends  upon  the  p.r.,  while 
presbyopia  depends  upon  the  p.p. 

77.  It  is  only  when  the  p.p.  has  receded 
beyond  36  to  38  cm.  that  myopes  may  require 
convex  lenses  for  reading. 

78.  A  myope  of  1  D.  at  age  50,  will,  according 
to  the  presbyopic  scale  (145),  have  a  presbyopia 
of  1  D. ;  consequently  one  will  neutralise  the 
other,  and  he  will  require  no  glasses. 

79.  It  is  only  myopes  under  3  D.,  whose  p.r. 
is  more  than  33  cm.  away,  who  may  require 
convex  lenses  for  reading  while  still  requiring 
concave  lenses  for  distance,  and  then  only  late 
in  life.  A  myope  of  2*5 D.  has  his  p.r .  at  40*5 cm.; 
one  of  2  D.  at  51  cm.;  one  of  1*5  D.  at  76  cm. ; 
and  as  these  two  last  are  not  comfortable 
distances  for  reading,  convex  glasses  become 
necessary. 

XI.  Strabismus. 

(. Although  strabismus  does  not  come  within  the 
scope  of  subjective  sight- testing,  a  few  notes 
on  the  subject  may  not  be  unacceptable  to 
the  reader.) 

80.  Strabismus  ((7rpaf3ia/u6 c,  squinting)  exists 
where,  owing  to  the  disturbed  muscular  equili¬ 
brium  of  one  eye,  the  deviation  in  its  direction 
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is  sucli  that  the  visual  axes  of  the  two  eyes  are 
not  directed  to  the  same  object,  with  the  result 
that  the  image  of  the  object  is  not  received  by 
the  maculse  of  both  eyes,  and  binocular  vision 
is  rendered  impossible.  It  may  be  due  to 
defective  anatomical  conditions,  or — which  is 
more  common — to  abnormal  innervation,  causing 
contraction  of  the  extra-ocular  muscles,  and  so 
excessive  convergence  or  divergence. 

81.  To  diagnose  the  squint. — Hold  the  finger 
up  about  a  yard  in  front  of  the  patient,  and 
direct  him  to  fix  his  eyes  upon  it.  Then 
gradually  approach  him  with  the  finger,  so  as 
to  call  into  action  his  accommodation.  ( a )  If 
both  eyes  steadily  follow  the  finger  there  can 
be  no  squint,  and  it  is  only  apparent,  (b)  If 
one  eye  follows  the  finger,  while  the  other,  after 
following  it  up  to  a  certain  distance,  suddenly 
deviates  inwards  or  outwards,  concomitant  stra¬ 
bismus,  convergent  or  divergent,  is  diagnosed. 
But  the  squinting  eye  follows  the  fixing  (non- 
squinting)  one  in  all  its  movements,  the  visual 
axes  maintaining  the  same  relation  to  each 
other  in  whichever  direction  the  eyes  are 
turned.  ( c )  If  both  eyes  follow  the  finger  up 
to  a  certain  point,  where  one  eye  stops  “  after 
making  a  few  jerking,  oscillatory  movements,” 
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move  the  finger  np  and  down  and  from  side  to 
side  about  45  cm.  from  the  patient.  If  the 
squinting  eye  stops  at  a  certain  point,  while 
the  other  (the  fixing)  eye  continues  to  follow 
the  finger,  paralytic  strabismus  is  diagnosed. 
The  movements  of  the  squinting  eye  in  this 
variety  are  usually  very  limited.  There  is 
always  diplopia  in  this  variety,  but  seldom  in 
the  concomitant  variety,  because  the  false  image 
seen  by  the  squinting  eye  gradually  becomes 
suppressed. 


Concomitant  Strabismus. 

82.  In  concomitant  strabismus  one  eye  is 
generally  directed  inwards — convergent ,  or  out¬ 
wards — divergent ,  but  sometimes  these  are 
combined  with  a  slight  upward  or  downward 
tendency.  The  former  is  the  most  common 
form. 

83.  Squint  is  not  present  at  birth  and  never 
exists  in  both  eyes  at  once.  It  generally 
makes  its  appearance  about  the  fourth  or  fifth 
year,  as  soon,  in  fact,  as  the  child  begins  to 
look  at  near  objects,  and  is  generally  conver¬ 
gent. 

84.  In  infancy,  before  the  brain  centres  and 
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the  vision  faculty  are  sufficiently  developed — 
before  the  seventh  or  eighth  month  ;  and  whilst 
the  eyes  are  being  educated  for  binocular 
vision,  they  are  normally  liable  to  independent 
movement  and  thus  to  singleness  of  vision. 
And  this  tendency  is  aggravated  by  teething 
and  other  disturbances  of  the  general  health. 
Infantile  squinting,  however,  disappears  in  the 
majority  of  cases.  But  if,  after  arriving  at  a 
year  old,  the  squinting  still  persists  it  is 
abnormal,  and  should  receive  immediate  atten¬ 
tion.  If  neglected,  the  squinting  eye,  being  but 
little  used,  will  become  amblyopic  (d/ij 3Aue,  dull) 
in  time — the  first  stage  of  amaurosis  ( a/uavpbg , 
obscure). 

85.  Squinting  may  be  alternating — when 
sometimes  one  eye  becomes  the  fixing  one  and 
sometimes  the  other,  indiscriminately ;  constant 
— when  the  same  eye  always  squints  ;  or 
periodic — when  the  squinting  eye  only  deviates 
occasionally.  The  last  form  may  with  careful 
treatment  be  cured  without  an  operation ;  if 
neglected,  it  generally  lapses  into  the  constant 
form. 

86.  In  convergent  strabismus  the  image  is 
received  on  the  inner  side  of  the  macula  of 
the  squinting  eye,  and  the  image  is  projected 
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to  the  temporal  side  of  the  real  object.  In 
divergent  strabismus  the  image  falls  on  the 
temporal  side  of  the  macula,  and  is  projected 
to  the  nasal  side  of  the  object.  In  the  upward 
variety  the  false  image  is  projected  below ,  and 
in  the  downward  variety,  above . 

87.  The  greater  the  deviation  of  the  eye  the 
further  apart  are  the  images,  and  the  less 
distinct  the  false  image. 

88.  Convergent  strabismus  is  intimately  con¬ 
nected  with,  and  usually  caused  by,  hyperme- 
tropia.  The  convergence  exceeds  the  accom¬ 
modation,  and  is  most  marked  when  looking  at 
near  objects.  In  high  degrees  of  hyperme- 
tropia  when  no  amount  of  accommodation  can 
make  vision  distinct,  squint  is  less  likely  to 
occur.  It  is  usually,  therefore,  in  cases  of  from 
2  D.  to  4  D.  that  convergent  squint  is  most 
frequently  met  with. 

89.  Divergent  strabismus  is  not  so  common  as 
the  convergent  variety.  It  is  usually  due  to 
myopia,  in  which  condition  the  extreme  con¬ 
vergence  necessary  to  enable  the  patient  to 
see  objects  within  the  range  of  his  far  point 
produces  an  asthenopic  condition  of  the  internal 
rectus,  which,  becoming  fatigued,  gives  way, 
and  the  eye  deviates  outwards. 
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90.  To  estimate  the  degree  of  the  squint. — • 
The  usual  method  is  to  make  an  ink  mark  on 
the  lower  eyelids  of  both  eyes  immediately 
below  the  centres  of  the  pupils.  Hold  a  card 
in  front  of  the  fixing  eye,  when  the  squinting 
eye  will  at  once  make  a  movement  outwards  or 
inwards,  as  the  case  may  be,  to  fix  the  object ; 
a  second  mark  is  then  made  as  before  below 
the  squinting  eye  in  its  new  position.  The 
difference  between  the  two  marks  represents 
the  amount  of  the  squint.  This  is  called  the 
primary  deviation.  But  while  the  squinting 
eye  was  deviating  to  fix  the  object,  the  fixing 
eye  behind  the  card  will  also  have  deviated  in 
the  same  direction  as  the  squinting  eye.  This 
is  the  secondary  deviation.  And  a  second  mark 
is  now  made  below  this  eye  in  its  new  position, 
when  the  deviation  will  be  found  to  equal 
exactly  that  in  the  squinting  eye,  which  is  a 
characteristic  of  concomitant  squint,  whereas 
in  paralytic  squint  the  secondary  deviation 
exceeds  the  primary. 

91.  The  deviations  represented  by  the  ink- 
marks  are  now  measured  with  the  strabis- 
mometer  (Fig.  vii.),  which  is  placed  below 
the  lower  eyelid,  when  the  degree  of  the  devia¬ 
tion  can  be  read  off.  If  great  exactness  be 
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required  the  perimeter  may  be  used,  by  which 
the  angle  of  the  squint  (i.  e.  the  angle  which 
the  visual  axis  makes  with  the  direction  it 
should  take  normally)  may  be  measured. 


Fig.  vii. 


92.  Treatment. — Young  children  should  be 
discouraged  as  much  as  possible  from  looking 
at  near  objects.  Any  error  of  refraction  is 
to  be  corrected  to  prevent  excessive  accom¬ 
modation,  and  equalise  the  two  functions  of 
accommodation  and  convergence.  In  slight 
cases,  if  the  squint  disappears  under  atropine, 
glasses  will  probably  effect  a  cure,  but  they 
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must  be  worn  for  some  months.  Tying  np 
the  fixing  eye  for  an  hour  or  so  a  day  is  found 
useful.  Mr.  Hartridge  recommends  the  appli¬ 
cation  of  1  drop  of  a  |  per  cent,  solution  of 
atropine  to  the  fixing  eye  twice  a  week  to 
prevent  this  eye  being  used  for  near  objects, 
and  to  compel  the  deviating  eye  to  be  employed 
for  this  purpose;  and  says  that  “  in  periodic 
strabismus,  where  squinting  has  only  just  com¬ 
menced,  and  arises  only  under  the  influence 
of  excessive  accommodation  necessary  to  enable 
the  child  to  see  near  objects,  this  treatment  may 
at  once  correct  the  deviation.”  Glasses  may 
then  only  be  necessary  for  constant  use  for  a 
year  or  two,  but  must  be  continued  for  near 
work  for  a  much  longer  time. 

93.  When  the  squint  has  become  permanent, 
glasses  may  have  to  be  worn  constantly  for 
many  years. 

94.  In  children  under  three  years  of  age 
glasses  should  rarely  be  ordered,  owing  to  the 
difficulty  and  danger  attending  their  use. 

95.  When  normal  vision  is  not  obtained  after 
correction,  muscular  exercises  must  be  adopted, 
and  the  development  and  cultivation  of  the 
vision  faculty  carried  out  by  stereoscopes  or 
Worth’s  amblyoscope. 
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96.  If,  after  glasses  have  been  worn  for 
some  months,  no  improvement  is  manifested, 
operative  interference  will  be  necessary,  though 
not,  as  a  rule,  before  seven  years  of  age. 

97.  All  cases  of  strabismus  over  one  year  of 
age  should  be  examined  objectively  by  retino- 
scopy  under  atropine,  in  order  that  the  refrac¬ 
tive  condition  may  be  accurately  estimated, 
and  the  proper  correcting  glasses  supplied  for 
constant  use. 

98.  In  divergent  squint  with  myopia,  the 
full  correction  should  be  given  for  constant 
use.  But  “  when  divergent  squint  is  developed, 
the  only  successful  treatment  is  operation  ” 
(Jessop). 
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PART  II 

SUBJECTIVE  SIGHT  TESTING. 

XII.  Preliminary  Notes. 

(General.) 

99.  The  student  should  provide  himself  with 
a  complete  set  of  trial  lenses,  consisting  of  two 
sets  each  of  the  following  :  Convex  and  concave 
sphericals,  from  *25  to  4*0  in  quarters,  from 
4#0  to  6*5  in  halves,  and  from  7*0  to  10*0  in 
complete  dioptres.  Convex  and  concave  cylin¬ 
drical  from  *25,  in  quarters  to  4’0.  One  set 
of  ten  prisms,  pin-hole  disc,  stenopaic  slit, 
Maddox  rods  in  reversible  frame,  and  adjustable 
trial  frame.  Also  a  metric  measure,  and  a 
sight  test  card  similar  to  that  shown  in  Fig.  viii, 
revolving  in  the  centre  of  which  are  two 
circular  dials.  The  card  should  be  hung  so  that 
the  centre  is  as  nearly  as  possible  on  a  level 
with  the  patient’s  eyes,  and  should  be  provided 
with  a  good  light.  The  inner  dial  has  groups  of 
lines  of  various  thicknesses  on  it,  arranged  in 
such  a  manner  that  in  whichever  way  it  is 
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turned,  there  are  always  two  groups  of  the 
same  size  exposed,  opposite,  and  at  right 


angles  to  each  other.  Under  each  set  of 
lines  is  marked  the  distance  in  metres  and  feet 
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at  which  the  normal  eye  can  count  them. 
The  outer  dial  has  two  openings  that  allow  of 
only  two  sets  of  lines  being  exposed  at  one 
time.  The  radiating  lines  around  the  semi¬ 
circle  on  the  main  card  denote  the  meridians 


Fig.  ix. 
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at  which  the  lines  are  exposed.  On  each 
side  of  the  main  card  are  test  letters  and 
figures  of  various  signs,  according  to  Snellen, 
and  the  dot  tests  for  recruits.  The  reverse 
side  of  the  card  (Fig.  ix.)  is  arranged  for 
testing  defects  of  the  ocular  muscles  ( hetero - 
phoria ),  and  for  using  with  the  Maddox  multiple 
rods  and  prisms. 

100.  To  use  the  dial  and  lines,  find  the  meri- 
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dian  in  which  the  smallest  lines,  or  those  normal 
for  distance,  are  best  counted,  and  then  rotate 
dial  forty- five  degrees  above  and  below  it,  to 
find  if  they  can  be  counted  better  in  any  inter¬ 
mediate  meridian. 

101.  Each  eye  should  be  examined  separately, 
the  opposite  eye-piece  of  the  trial  spectacle  frame 
being  closed  during  the  examination. 

102.  The  distant  vision  should  be  first  tested, 
then  the  near,  and  the  muscular  condition  last. 
The  patient  is  placed  at  least  3  metres  (10  ft.) 
from  the  card,  but  4*5  m.  (15  ft.)  is  better,  and 
6  m.  (20  ft.)  is  better  still.  The  largest  type 
should  be  read  at  60  m.  (200  ft.),  the  rest  as 
marked  under  each:  36,  24,  18,  15,  12,  9,  6 
(20  ft.),  4*5  (15  ft.),  and  3  m.  (10  ft.). 

103.  Normal  vision  is  described  as  being  f, 
the  upper  figure  or  numerator  representing  the 
distance  in  metres  at  which  letters  can  be  read 
from;  the  lower  figure  or  denominator  repre¬ 
senting  the  distance  the  smallest  letters  which 
can  be  read,  should  be  read  from.  For  instance, 
the  letters  which  should  be  read  at  6  m.  cannot 
be  read  at  that  distance,  but  those  which  should 
be  read  at  9  or  12  m.  can  be  read.  Vision  is 
then  said  to  be  §  or  . 

104.  If  vision  =  §  and  a  cylinder  makes  it 
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worse  in  every  meridian,  normal  vision  is  con¬ 
firmed. 

105.  Examination  should  always  commence 
with  +  lenses,  and  every  meridian  tested,  before 
using  —  lenses.  Stronger  convex  lenses  (about 
0‘50  is  generally  enough),  and  weaker  concave 
lenses  should  be  used  for  lines  than  for  letters , 
but  only  for  that  purpose,  and  are  subsequently 
discarded. 

106.  In  hypermetropic  conditions  the  strongest 
convex  lens,  and  in  myopic  conditions,  the 
weakest  concave  lens,  giving  good  vision  should 
be  used  (45).  In  myopic  conditions  the  use  of 
convex  lenses  in  every  meridian  should  be 
exhausted  before  using  concave  lenses.  When 
a  eycloplegic  is  used,  allowance  must  be  made 
accordingly.  The  correction  in  hypermetropia 
must  be  slightly  reduced  (by,  say,  +  1  D.),  and 
in  myopia  by  slightly  increasing  it. 

107.  The  fact  of  lines  being  seen  in  any  one 
meridian  better  than  in  another,  or  the  lines  of 
letters  which  run  in  one  direction  better  than 
those  which  run  in  another,  is  proof  of  the 
existence  of  astigmatism. 

108.  If  improvement  results  in  any  one 
meridian  with  convex  sphericals,  it  is  a  proof 
of  hypermetropic  astigmatism  in  that  meridian. 
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109.  When  testing  for  astigmatism,  spherical 
lenses  should  be  used  for  lines,  and  cylindrical 
lenses  for  letters.  And  stronger  +  lenses,  and 
weaker  -  lenses  used  for  lines  than  for  letters. 

110.  In  compound  astigmatism  the  spherical 
lens  required  is  that  which  corrects  the 
weakest  meridian ;  the  cylindrical  lens,  that 
which  corrects  the  opposite ;  and  the  power  of 
the  latter,  and  the  degree  of  astigmatism  is 
equivalent  to  the  difference  between  the  two 
meridians.  In  mixed  astigmatism  the  degree 
of  astigmatism  is  the  sum  of  both  meridians. 

111.  The  axis  of  the  cylindrical  lens  should 
always  be  placed  in  the  meridian  of  GOD.  of  the 
dial.  In  placing  the  axis  in  this  meridian,  we 
really  place  it  in  the  meridian  of  L.D.  of  the  eye. 

( The  Pin-hole  Disc.) 

112.  If  both  near  and  distant  vision  be 
defective,  the  pin-hole  disc  will  at  once  enable 
us  to  decide  whether  the  fault  is  refractive  or 
not.  The  minute  hole  in  the  centre  should  be 
placed  in  front  of  the  centre  of  the  pupil.  If 
there  be  improvement  the  defect  is  refractive, 
and  astigmatism  may  be  suspected ;  but  if  there 
be  no  improvement  it  is  either  the  transparent 
media  or  the  retinal  sensibility  that  is  in  fault. 
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( Gycloplegics .) 

113.  Cycloplegics  (kvkXoq  circle,  TrXrjyr)  stroke) 
produces  paralysis  of  the  ciliary  muscles  and  of 
accommodation,  and  dilatation  of  the  pupil. 

114.  The  two  cycloplegics  in  general  use  in 
estimating  errors  of  refraction  are  atrojpine  and 
homatr opine.  The  former  is  generally  used  for 
all  young  people  ;  the  latter  for  adults,  in  whom 
only  a  modified  effect  is  required,  for  owing  to 
the  length  of  time — about  a  week — during  which 
the  effects  of  atropine  continue,  few  could  put 
up  with  the  inconvenience  caused  by  it.  In  any 
case  atropine  should  never  be  used  for  patients 
over  thirty -five  years  of  age.  Homatropine  is 
always  safer. 

115.  For  subjective  examination  it  is  advis¬ 
able,  and  for  objective  examination  (retinoscopy) 
it  is  absolutely  necessary  to  use  a  cycloplegic  for 
astigmats,  young  squinters,  and  myopes  under 
sixteen ,  also  for  hypermetropes  under  twenty, 
in  order  to  make  sure  of  completely  paralysing 
accommodation,  and  of  allaying  any  spasm  of 
the  ciliary  muscle. 

116.  A  cycloplegic  is  seldom  required  for 
patients  over  twenty-five  years  of  agei  owing 
to  the  declining  power  of  accommodation,  but 
may  be  required  up  to  forty-five  years  in  those 
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with  whom  correction  without  homatropine  has 
failed  to  relieve  the  asthenopia. 

117.  Owing  to  the  risk  of  inducing  glaucoma 
in  patients  over  thirty  by  the  use  of  a  cycloplegic, 
care  should  be  taken  to  previously  estimate  the 
tension  of  the  eyeball. 

118.  The  cycloplegic  may  be  applied  to  the 
inner  surface  of  each  lower  eyelid,  either  in  the 
form  of  lamellae  or  in  solution. 

Under  fifteen  years  of  age. — One  drop  of  the 
following  solution,  or  one  lamella,  twice  a  day 
for  three  or  four  days  previous  to  examination. 
In  children,  Mr.  Hartridge  recommends  the 
continuance  of  the  atropine  till  the  spectacles 
are  ready  for  use  : 

Be  Atrojoini  hydrobrom.  or  sulph. 

Cocam.  hydrochloride  aa  0T6  gm. 

Ag.  distil,  ad  30  ml. 
or  Lamella,  atropin.  hydrobrom.  and 
Cocain.  hydrochlor.  aa  0*0003  gm. 

Over  fifteen  years  of  age. — One  drop  of  the 
following  solution,  or  one  lamella,  an  hour 
before  examination,  and  repeated  in  twenty 
minutes,  when  the  patient  is  under  twenty-five 
years  of  age  :  when  over  that  age,  one  applica¬ 
tion  an  hour  previous  will  be  sufficient.  Cocaine 
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not  only  increases  the  mydriatic  effect,  but 
tends  to  prevent  conjunctivitis : 

R  Homatropin.  hydrobrom.  .  0*26  gm. 

Cocain.  hydro chlor.  .  0*65  gm. 

Acid,  salicyl.  .  .  .  0*06  gm. 

Aq.  distil,  ad  .  .  .30  ml. 

or  Lamella  homatropin.  hydrobrom .  and 
Cocain.  hydrochlor.  aa  O’ 001 3  gm. 

119.  Complete  paralysis  of  accommodation 
is  effected  in  about  three-quarters  of  an  hour. 
The  effects  pass  off  in  from  twelve  to  twenty- 
four  hours.  In  adults,  when  the  examination 
is  concluded,  one  drop  of  solution  of  eserine 
(0*®6  grm. — 30  ml.)  should  be  applied. 

120.  In  astigmats,  whatever  the  meridian 
decided  upon  for  the  axis  of  the  cylinder  while 
under  the  influence  of  a  cycloplegic,  this  must 
on  no  account  be  changed  subsequently.* 

121.  The  reading  vision  should  not  be  tested 
until  the  effects  of  the  cycloplegic  have  passed  off, 
as  the  accommodation  being  paralysed,  the  patient 
is  unable  to  negotiate  the  divergent  rays  reflected 
from  a  book  at  a  comfortable  reading  distance. 

#  Care  must  be  taken  to  make  allowance  for  the  influence  of  the 
cycloplegic,  it  being  usually  necessary  slightly  to  reduce  the  cor¬ 
rection  in  hypermetropes,  and  to  increase  it  in  myopes,  by,  say, 
•75  if  there  is  1*5°,  -50  if  TO0,  1*0  if  there  is  2'0°.  A  hypermetrope 
of  +  35  would  have  +  ID  less. 
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(. Heterophoria .) 

122.  The  eyes  must  be  examined  with  both 
distant  and  near  point  tests,  the  former  first, 
then  the  latter.  The  test  card  is  reversed 
(Fig.  ix.),  a  light  placed  opposite  the  black  spot, 
and  the  patient  seated  3  m.  (10  ft.)  from  the 
card.  Both  eyes  are  kept  open  during  the 
examination.  Where  refractive  conditions  are 


Fig.  x. 


MADDOX  RODS  GREEN  GLASS 


known  to  exist  the  correction  should  be  worn 
during  the  test. 

123.  The  light  when  seen  through  the  Mad¬ 
dox  rods  (Fig.  x.)  under  a  condition  of  perfect 
equilibrium  ( orthophoria ),  is  seen  as  a  long  red 
streak  through  the  middle  of  the  flame,  but  in 
the  opposite  meridian  to  that  in  which  the  rods 
are  placed — vertically  when  they  are  placed 
horizontally  (Fig.  xi.  a),  and  horizontally  when 
they  are  placed  vertically  (b).  The  glass  rods 
are  sufficiently  loose  in  the  frame  to  allow  of 
rotation.  Any  variation  in  the  position  of  the 
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streak  (in  relation  to  the  flame)  shows  want  of 
harmony  between  the  convergence  and  the 
accommodation,  and  heterophoria  in  some  form 
or  another  will  be  found  to  exist. 

Fig.  xi. 


124.  Where  refractive  error  exists  with 
heterophoria,  the  effect  of  correcting  the  former 
should  be  tried  first  before  resorting  to  pris¬ 
matic  correction,  as  it  is  possible  that  the  hetero¬ 
phoria  may  be  produced  by  the  former.  If 
the  muscular  asthenopia  still  persists,  prisms 
may  then  be  resorted  to. 
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125.  The  prism  should  be  placed  with  its 
base  in  the  same  direction  as  the  streak  appears 
in  relation  to  the  light,  out  in  esophoria,  in  in 
exophoria.  It  will  then  bring  the  streak  into  its 
true  position  and  show  the  amount  of  deviation. 

126.  On  first  wearing  prismatic  glasses  some 
discomfort  may  be  experienced,  for  two  or  three 
weeks  perhaps,  but  the  patient  will  gradually 
become  accustomed  to  them. 

(Spectacles.) 

127.  When  measuring  for  spectacles,  care 
must  be  taken  that  the  centres  of  the  lenses 
correspond  as  nearly  as  possible  with  the 
centres  of  the  pupils.  Those  intended  for 
reading  or  near  work  only  may  be  allowed  to 
converge  slightly. 

128.  Spectacle  frames  are  measured  from  the 
outside  rim  of  one  eye-piece  to  the  inside  rim 
of  the  other,  which  measurement  will  be  found 
to  coincide  exactly  with  the  distance  between 
the  centres. 

129.  All  glasses,  except  those  for  presbyopes, 
should  be  worn  as  close  to  the  eyes  as  the 
lashes  permit.  The  recognised  distance  is  13*7 
mm.  in  front  of  the  cornea.  Presbyopes  may 
wear  them  according  to  their  own  inclination, 
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the  distance  from  the  cornea  generally  being 
about  2*5  cm.  (or  1  in.).  Myopes  should 
wear  their  glasses  for  reading  and  near  work 


continually. 


130.  Spectacles  are  best  in  all  cases,  but  if 
they  are  objected  to,  horizontal  clips  may  be 
used  for  myopes  and  astigmats.  Folders  are 
only  suitable  for  presbyopes  and  should  never 
be  used  with  astigmatic  (cylindrical  or  com¬ 
pound)  lenses.  For  presbyopes,  who  use 
glasses  only  for  near  work,  spectacles  are  used 
for  home  work,  while  folders — which  require 
only  one  hand  to  place  them  in  position — are 
generally  used  for  the  pocket. 

XIII.  Preliminary  Tests  (on  Letters  only). 


Suspect.  Go  on  to 


131.  i.  Use  naked  eye  (for 
acuteness  of  vision).  Note 
result. 


ii.  Use  convex  sphericals 

(for  hypermetropia). 


(a)  If  vision  normal  or 


( b )  If  vision 
and  partial 
only  : 
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(c)  If  vision  not  normal 
and  improvement  doubtful, 
or  no  improvement  at  all — 

iii.  Use  convex  cylinders 
(for  hypermetropic  astigma* 
tism  and  myopia).  Rotate 
starting  I. 

(a)  If  one  meridian  im¬ 
proved,  and  the  opposite 
made  worse  (because  pro¬ 
bably  emmetropic),  but  nor¬ 
mal  vision  obtained  with 
this  lens  alone  : 

(b)  If  one  meridian  im¬ 
proved,  opposite  made  much 
worse,  but  normal  vision  not 
obtained  with  this  lens 
alone  : 

(c)  If  equally  worse  in 
every  meridian  : 

(d)  If  worse  in  every 
meridian,  but  more  so  in  one 
meridian  than  in  another — 

(iv)  Use  concave  cylinders 
(for  myopic  astigmatism). 
Rotate  starting 


Suspect. 


\ 


simple 
>  hyper, 
astig. 

j 


\ 


r 


mixed 

astig. 


|  myopia 


Go  on  to 

133 

135 

136 
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(a)  If  one  meridian  im¬ 
proved  (the  meridian  made 
worse  with  convex  cylin¬ 
ders)  ;  the  opposite  made 
worse  (because  probably 
emmetropic)  ;  and  normal 
vision  obtained  with  this 
lens  alone  : 

( b )  If  one  meridian  im¬ 
proved,  but  normal  vision 
not  obtained  with  this  lens 
alone : 

v.  There  being  no  refrac¬ 
tory  error,  or  a  trivial  one 
only ;  or  normal  vision  not 
obtained  during  any  of  the 
above  tests  : 


Suspect. 

A 


simple 

myopic 

astig. 


comp. 

myopic 

astig. 

hetero- 

phoria. 


Go  on  to 


137 


138 


§  xv 


XIV.  Confirmatory  Tests. 

Hypermetropic  Tests. 

Hyper  metropia . 

132.  Whether  letters  read  or  not  read 
normally,  if  vision  is  good  or  improved  with 
spherical  convex  lens,  the  diagnosis  of  hyper- 
metropia  is  complete. 
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Correction  :  The  strongest  spherical  convex 
which  gives  best  results  (107). 

Simple  Hypermetropic  Astigmatism . 

(See  108  and  109.) 

133.  Having  noted  the  defective  meridian, 
say  15°,  which  was  improved  with  cylindrical 
convex  lenses,  say  1*0,  on  letters,  verify  this 
meridian  on  lines,  exposing  those  normal  for 
distance,  and  add  a  further  +  0*5  to  the 
above  lens  =  1*5  (106).  This  angle  will  be 
found  to  correspond  with  the  defective  meridian. 
Then  test  the  opposite  meridian,  105°,  on  lines 
with  the  naked  eye,  and  if  vision  is  normal  the 
diagnosis  is  complete. 

Correction :  The  strongest  convex  cylinder 
(45)  with  which  letters  can  be  read  at  normal 
distance,  axis  in  defective  meridian  (111). 

Formula:  Cyl.  +  1*0,  ax.  15°. 

Compound  Hypermetropic  Astigmatism . 

134.  Having  noted  the  strength  of  the  sphe¬ 
rical  convex  lens,  say  T5,  which  gave  partial 
improvement  only  on  letters,  proceed  to  find 
the  meridian  of  Gf.D.,  i.  e.  the  most  hyperme¬ 
tropic  (62).  To  the  above  lens  add  a  further 
0*5  =  sph.  +  2*0  (105),  and  test  on  lines.  Com- 
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mence  by  exposing  largest  lines,  gradually 
reducing  the  size  until  the  least  is  found  that 
can  be  counted.  Then  find  the  meridian  in 
which  they  are  best  seen — say  15° — by  rotating 
the  disc.  This  is  the  meridian  of  G.D.  Dis¬ 
card  this  lens.  Then  test  lines  in  the  opposite 
meridian  (that  at  right  angles  to  it),  the 
meridian  of  L.D. — 105°.  If  found  to  be  hyper¬ 
metropic,  the  diagnosis  is  complete.  The  con¬ 
dition  of  this  meridian  will  show  whether  it  is 
a  case  of  compound  or  simple  hypermetropic 
astigmatism,  or  mixed  astigmatism.  Now  use 
the  naked  eye ;  then  add  convex  spherics  till 
the  strongest  is  found  which  gives  best  results, 
say  +  0*50.  This  will  be  the  spherical  correc¬ 
tion. 

Result ;  Sph.  +  0’50  in  meridian  105°. 

With  the  above  lens  (sph.  -f  0*50)  draw 
attention  to  letters  and  place  in  front  of  the  eye 
cylinders  with  axes  in  meridian  of  G.  D.  (15°), 
till  the  one  is  found  which  gives  the  best 
results,  say  +  1*0.  This  is  the  cylindrical 
correction. 

The  total  correction  is  the  sum  of  the  two 
lenses,  and  the  formula :  Sph.  +  0#50  ^  cyl.  +1*0 
ax.  15°.  We  have  thus  +  *50  D.  in  mn.  15°, 
and  +  1*50  D.  in  mn.  105°. 
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Confirm  by  rotating  the  cylinder  to  either 
side. 


Mixed  Astigmatism. 

135.  Having  noted  the  meridian  which  was 
improved  with  the  convex  cylinders  on  letters, 
say  horizontal,  we  diagnose  hypermetropic  astig¬ 
matism  in  this  meridian  (109).  To  complete  the 
examination,  test  the  opposite  meridian,  the  verti¬ 
cal  (which  gave  the  best  results  with  the  naked 
eye,  and  was  made  much  worse  with  the  weakest 
convex  lens),  with  weak  concave  cylinders  on 
letters,  axes  in  this  meridian.  Myopia  will  at 
once  be  made  manifest.  Now  proceed  to  find 
the  amount  of  defect  in  each  meridian. 

Expose  lines  on  dial,  normal  for  distance  :  * 
(a)  First  test  the  hypermetropic  meridian  (the 
horizontal)  by  rotating  the  dial,  and  placing 
lines  in  that  meridian,  with  convex  sphericals. 
The  strongest  with  which  the  lines  can  be 
counted  denotes  the  amount  of  hypermefropia , 
say  -f-  2’0.  ( b )  Then  test  the  myopic  meridian, 

the  vertical,  by  placing  lines  in  that  meridian, 
with  concave  sphericals.  The  weakest  with 
which  the  lines  can  be  counted  denotes  the 
amount  of  myopia ,  say  —  1*0. 

Total  result :  Hypermetropia  of  +  2*0  in  the 
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horizontal  meridian  and  myopia  of  —  1*0  in  the 
vertical  meridian.  The  sum  of  the  two  denotes 
the  amount  of  astigmatism ,  and  the  strength 
of  the  cylindrical  lens  required. 

Correction :  Cyl.  -f  2*0,  ax.  h.,  3cyl*  ~  1*0, 
ax.  v.,  which  reduced  to  a  spheric  and  a 
cylinder,  give  the  following  : 

Formula :  Sph.  +  2*0  3  cyl.  —  3*0,  ax.  v. 

The  sph.  +  2*0  corrects  the  hypermetropia 
in  the  horizontal  meridian,  but  makes  the  my¬ 
opia  in  the  vertical  meridian  more  myopic,  by 
—  2*0,  than  before,  which  is  corrected  by  —  3*0. 

Alternative  formula  ;  Sph.  -1*0  3  cyl.  + 
3*0  ax.  h. 

Here  the  sph.  —  1*0  corrects  the  myopia  in 
the  vertical  meridian,  but  makes  the  hyper¬ 
metropia  in  the  horizontal  meridian  more  hyper¬ 
metropic  by  —  1*0,  necessitating  +  3#0  instead 
of  +  2*0  D.  to  correct  it. 


Myopic  Tests. 

Myopia. 

136.  Test  (a)  with  the  naked  eye  on  lines. 
Result  :  Vision  equally  bad  in  every  meridian. 
( b )  W ith  concave  spliericals  on  letters.  Result : 
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Vision  normal  with  this  lens  alone.  The  dia¬ 
gnosis  of  myopia  is  complete. 

Correction :  The  weakest  concave  spherical 
that  gives  the  best  results. 

Simple  Myopic  Astigmatism. 

137.  Vision  is  made  worse  in  every  meridian 
with  convex  cylinders. 

Test  with  naked  eye  on  lines.  Result ;  Vision 
=  3~6-.  Lines  in  one  meridian,  say  the  hori¬ 
zontal,  are  corrected  normally,  but  those  in  the 
opposite  meridian,  the  vertical,  cannot  be  cor¬ 
rected,  Then  test  the  lines  in  the  opposite 
meridian  with  weak  concave  cylindrical,  axis 
in  this  meridian. 

Result :  Vision  =  §,  and  the  diagnosis  is 
complete. 

Correction  :  The  weakest  concave  cylindrical, 
say  —  0*5,  with  which  lines  can  be  counted 
normally,  axis  in  defective  meridian  (the 
vertical).  Verify  on  letters. 

Formula :  Cyl.  —  0*5,  ax.  v. 

Compound  Myopic  Astigmatism. 

138.  There  was  no  improvement  with  convex 
lenses.  One  meridian  improved  with  concave 
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cylinders,  but  normal  vision  not  obtained  with 
this  lens  alone. 

Test  {a)  with  the  naked  eye :  Vision  =  ; 

lines  not  counted  in  any  meridian,  (b)  With 
concave  spherical s,  say  2*0  on  letters,  find  the 
weakest  giving  best  results.  Then  change 
lens  to  0*5  less  (106)  =  sph.  —  T5,  and  find  the 
meridian  of  L.D.,  which  is  the  meridian  in  which 
lines  are  best  counted,  say  the  horizontal.  The 
weakest  is  the  spherical  correction ,  say,  —  TOD. 
Test  the  opposite  meridian,  the  horizontal,  for 
the  cylindrical  correction.  To  the  spherical  cor¬ 
rection  —  TO,  add  cylindrical  lenses,  say  2*0  D., 
axis  in  meridian  of  greatest  defect  (the  vertical) 
and  find  the  weakest  with  which  letters  can  be 
read  and  lines  counted  in  both  meridians  at 
normal  distance. 

Formula  :  Sph.  —  1*0  O  cyl.  —  3*0,  ax.  v. 
We  have  here  —  TO  D.  in  the  v.  mn.,  and  —  3*0 
in  the  h.  mn. 

XV.  Heterophoktc  Tests. 

139.  The  refractive  element,  if  any,  should 
be  worn,  and  both  eyes  remain  open  during 
examination. 
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(a)  The  Distant  Point  Muscle  Test. 

(A¥ith  the  Maddox  Multiple  Rods;  see  123). 

140.  The  disc  of  the  Maddox-rods  fits  suffi¬ 
ciently  loosely  in  its  frame  that  it  may  be  rotated 
with  the  finger  and  thumb,  bringing  the  rods 
into  either  a  horizontal  or  vertical  position.  The 
spectacle  frame  can  also  be  reversed  for  use 
with  either  eye. 

For  Esophoria  and  Exophoria . 

141.  Place  the  rods  liorizontallv  and  test. 

«/ 

(a)  If  the  vertical  streak  of  light  appears  on 
the  outside  of  the  flame,  i.  e.  away  from  the 
nose,  the  eyes  converge  too  much,  the  visual 
lines  deviating  inwards,  and  esophoria  exists. 

( b )  If  the  vertical  streak  appears  on  the  inside 
of  the  flame,  i.  e.  towards  the  nose,  the  eyes 
diverge,  the  visual  lines  deviating  outwards, 
and  exophoria  exists.  For  instance  : 

On  testing  the  two  eyes  with  rods  horizontal ; 
with  the  right  eye  the  vertical  streak  is  seen  8° 
to  the  outside  of  the  streak,  i.  e.  to  the  right, 
and  with  the  left  eye  the  vertical  streak  is  seen 
4°  to  the  outside,  i.  e.  to  the  left,  we  have  12°  of 
esophoria  between  them,  which  divided  by  4  = 
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3.  Half  of  this  for  each  eye  might  be  safely 
given  at  first,  and  increased  later  if  necessary. 

Formula:  B.E.  prisms  1-J°,  B.  out. 

On  testing  the  two  eyes  with  rods  horizontal ; 
with  the  right  eye  the  vertical  streak  is  seen  8° 
to  the  inner  side  of  the  flame,  and  with  the  left 
eye  the  vertical  streak  is  seen  5°  to  the  inner 
side,  we  have  8°  of  exophoria,  one  fourth  of  which 
is  2°.  Half  of  this  at  first  for  each  eye  =  1°. 

Formula :  B.E.  prisms  1°,  B.  in. 

For  Hyperphoria .. 

142.  Place  the  rods  vertically  and  test :  ( a ) 
If  the  horizontal  streak  of  light  appears  below, 
left  hyperphoria  exists ;  (b)  if  the  horizontal 
streak  appears  above,  right  hyperphoria  exists. 
The  amount  of  deviation  in  each  case  is  shown 
by  the  number  on  the  card  nearest  to  the 
streak,  and  by  the  prism  in  front  of  the  rods 
which  brings  the  streak  through  the  middle  of 
the  light. 


Corrections  for  Heterophoria. 

143.  If  the  aggregate  muscular  deficiency  in 
both  eyes  is  less  than  16°,  one  fourth  of  the  total 
amount  for  each  eye  is  the  maximum  or  limit. 
The  limit  should  never  be  given  at  first,  but 
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about  half ;  and  it  is  never  advisable  to  use  a 
stronger  prism  than  4°. 

For  esoplioria  with  hypermetropia :  The 
convex  lens  corrects  both  defects,  for  while 
improving  the  hypermetropia,  it  improves  also 
the  esoplioria.  The  full  correction  of  the 
refractive  error  is  therefore  given.  The  glasses 
to  be  worn  constantly.  No  prisms. 

For  esoplioria  with  myopia  :  The  full  correc¬ 
tion  for  the  myopia  to  be  given.  Prisms,  bases 
out.  Near  work  to  be  given  up  for  a  time. 

For  exophoria  with  hypermetropia  :  Less  than 
the  full  correction  of  the  hypermetropia  to  be 
given.  The  convex  lens,  while  correcting  the 
hypermetropia,  aggravates  the  exophoria  by 
increasing  the  divergence  of  the  visual  axes. 
The  prisms,  bases  in,  to  be  kept  as  weak  as 
possible. 

For  exophoria  with  myopia  ;  The  myopia  to 
be  fully  corrected.  Prisms,  bases  in. 

For  exophoria  with  presbyopia  :  The  weakest 
convex  lens  to  be  given.  Prisms,  bases  in. 

For  hyperphoria  :  See  122. 

( b )  The  Near  Point  Muscle  Test. 

144.  The  near  point  muscle  test  (Fig.  xii ) 
is  a  frame  in  which  is  inserted  a  pair  of  prisms, 
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bases  up  for  one  eye,  bases  down  for  the  other. 
The  rod  carries  a  small  card  at  a  distance  of 
25  cm.  The  appliance  is  held  by  the  handle 
in  front  of  the  eyes,  the  rod  between  the  eye¬ 
piece  and  the  card  being  perfectly  horizontal. 
The  patient  then  looks  at  the  card,  diplopia 


Fig.  xii. 


resulting,  and  two  lines  of  letters  and  two 
arrows  are  seen,  one  set  below  the  other.  If 
muscular  conditions  are  normal  the  lower  arrow 
will  be  seen  immediately  below  the  upper  one. 
He  is  then  asked  to  which  side  of  the  upper 
arrow  the  lower  one  appears,  and  under  which 
letter.  If  to  the  right,  there  is  latent  con¬ 
vergence  ( esophoria ) ;  if  to  the  left,  latent 
divergence  (exojohoria) .  The  degree  marked 
under  the  letter  denotes  approximately  the 
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angle  of  tlie  prism  required  to  produce  normal 
conditions  and  bring  tlie  lower  arrow  exactly 
beneath  the  upper.  It  is  generally  advisable 
to  follow  up  this  diagnosis  by  confirming  it  with 
the  prism. 

Correction  :  Deviations  to  the  left  ( exophoria ) 
require  prisms,  bases  in  or  towards  the  nose; 
deviations  to  the  right  {esophoria) ,  prisms, 
bases  out.  In  myopes  showing  a  deviation  to 
the  left,  prismatic  correction  is  nearly  always 
desirable.  Slight  deviations  need  not  be  taken 
into  consideration,  but  when  over  2°,  may  be 
corrected  by  prisms  of  about  one-fifth  for  each 
eye.  For  instance,  if  the  lower  arrow  is  found 
5°  to  the  left,  a  prism  of  1°  for  each  eye,  bases 
in,  would  be  indicated. 

XVI.  Presbyopic  Tests. 

Presbyopia . 

145.  The  lenses  generally  required  are  : 

At  age  .  45  50  55  60  65  70  75 

Dioptres.  *5  DO  1*75  2*5  3*5  4*5  5*5 

146.  The  distant  vision  should  always  be 
tested  first  to  detect  hypermetropia,  myopia  or 
astigmatism.  Note  the  result,  and  test  the 

5 
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near  vision  with  the  reading  type,  which  should 
not  be  done  too  hurriedly. 

Correction :  The  weakest  convex  spherical 
lens  which  enables  the  patient  to  read  at  a  com¬ 
fortable  distance,  generally  from  36  to  38  cm. 
(14  to  15  in.)  Stronger  lenses  may  be  used  for 
close  work,  and  weaker  ones  for  more  distant 
work  if  required. 

Presbyopia  with  Hypermetropia . 

147.  Hypermetropes  of  over  forty  years  of 
age  generally  are  presbyopic.  Test  the  dis¬ 
tant  vision  with  lenses  that  correct  the  hyper- 
metropia.  Then  find  what  additional  lens  is 
necessary  for  reading.  The  lenses  which  cor¬ 
rect  the  hypermetropia  only  are  to  be  worn 
constantly.  Separate  glasses  for  reading  must 
be  used. 


Presbyopia  with  Myopia. 

148.  Concave  lenses  will  be  required  for  dis¬ 
tance,  according  to  the  age  of  the  patient  and 
the  amount  of  myopia  (under  3'0  D.,  see  56). 

Presbyopia  with  Hypermetropic  Astigmatism. 

149.  Add  to  the  lens  that  corrects  the  hyper¬ 
metropic  astigmatism,  spherical  lenses  that 
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correct  the  presbyopia.  For  instance,  a  patient 
of  fifty  years  of  age  requires  for  distance,  sph. 
+  2  with  cyl.  +  2*0  \  .  On  account  of  his  age 
he  would  require  for  reading,  sph.  +  1*0,  but 
being  a  hypermetrope  he  will  probably  require 
1*5,  for  hypermetropes  manifest  more  pres¬ 
byopia  than  emmetropes.  He  would  therefore 
require  for  reading  sph.  +  3*5  3  cyl.  -f  2*0 
v  ,  the  distant  correction  remaining  the  same 
for  both  distance  and  reading. 

Presbyopia  with  Myopic  Astigmatism. 

150.  In  myopic  astigmatism  of  2*5  or  less, 
first  reverse  the  cylindrical  correction  for  dis¬ 
tance  ;  and  if  this  is  not  sufficient  to  allow  of 
small  print  being  read  near  enough,  add  the 
weakest  convex  spherical  lens  giving  normal 
vision.  A  patient  fifty  years  of  age  requires 
for  distance,  cyl.  —  1*0  j  ;  for  his  presbyopia 
he  requires  sph.  +  1-0  =  cyl.  +  1*0  — In 
myopic  astigmatism  of  over  2'5  D.,  give  a 
convex  spherical  with  the  same  concave  cylinder 
required  for  distance. 

Presbyopia  with  Compound  Myopic  Astigmatism. 

151.  Suppose  that  there  is  myopia  in  the 
vertical  meridian  of  1*5,  and  in  the  horizontal 
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meridian  of  0*75,  tlie  correction  for  distance 
is  sph.  —  0*75  3  cyl.  —  0*75  j  .  There  is  there¬ 
fore  in  the  horizontal  meridian  —  T5  and  in 
the  vertical  —  0*75.  If  the  patient  is  fifty  years 
of  age,  correct  the  presbyopia,  say  1*0,  by 
making  the  vertical  meridian  as  myopic  as  the 
horizontal,  and  by  giving  a  cyl.  —  0‘ 75  \ .  The 
patient  is  now  equally  myopic  in  every  meridian, 
which  is  sufficient  at  that  age.  At  sixty  to 
sixty-five  years  of  age  give  cyl.  +  0*75  — 
which  makes  the  patient  equally  myopic  to 
1’5,  and  if  this  is  not  sufficient,  add  the 
weakest  convex  spherical  that  will  enable  him 
to  read.  It  is  well  to  bear  in  mind  the  distance 
of  the  p.r.  for  reading  when  making  the 
patient  equally  myopic  in  every  meridian,  for 
when  giving  a  convex  cylinder  in  order  to 
effect  the  above  purpose  the  p.r.  may  be  too 
near  for  reading.  A  patient  requires  cyl.  — 
4*0  D.  \  ;  the  cylinder  is  reversed,  giving  cyl. 
—  4*0  — making  him  equally  myopic  in  every 
meridian,  but  with  a  p.r.  at  25  cm.,  which  is  too 
near. 


Presbyopia  with  Mixed  Astigmatism. 

152.  The  correction  is  the  same  as  in  presby¬ 
opia  with  myopic  astigmatism,  when  the  myopia 
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required  2' 5  or  less.  First  make  the  patient 
equally  myopic  by  giving  a  convex  cylinder,  axis 
in  the  hypermetropic  meridian,  of  the  strength 
of  the  hypermetropia  and  the  myopia  com¬ 
bined.  When  the  myopia  is  more  than  2*5, 
retain  the  concave  cylinder  and  add  a  convex 
spheric,  to  give  comfortable  reading  sight. 
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PART  III 

XVII.  Objective  Sight-Testing — 

“  Retinoscopy.” 

{General.) 

153.  Retinoscopy,  or  objective  sight-testing, 
called  also  “  the  shadow  test,”  can  be  easily 
learned  by  practice  with  the  model  eye. 

154  It  is  useful  in  cases  of  astigmatism  of 
low  degree  in  amblyopia  (84),  where  the  visual 
acuteness  remains  below  normal,  and  is  an 
unfailing  test  against  malingering.  For  it  to 
be  successful  the  transparent  media  should  be 
clear  and  there  should  be  no  photophobia. 

155.  It  is  better  if  possible  for  the  pupils  to 
be  dilated  and  accommodation  paralysed  by 
a  cycloplegic  (113). 

156.  The  right  eye  should  be  tested  first,  the 
opposite  eye-piece  of  the  trial  frame  being 
closed. 
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(Mode  of  Examination.) 

157.  The  patient  is  seated  in  a  dark  room, 
with  a  light  (a  82  Watt  electric  lamp,  an  Argand 
gas  burner,  or  an  oil  lamp)  behind  and  above 
him,  so  that  his  face  is  placed  in  shadow,  and 
wearing  the  trial  spectacle  frame.  The  operator 
(wearing  his  correcting  glasses  if  his  distant 
vision  is  faulty),  with  an  ophthalmoscopic  plane 
mirror  in  his  hand,  seats  himself  facing  the 
patient,  the  eyes  of  both  being  on  the  same 
plane,  and  at  a  distance  of  120  to  1  50  cm.*  The 
patient,  if  under  the  influence  of  a  cycloplegic, 
is  directed  to  look  steadily  at  the  central  hole  in 
the  mirror ;  if  not  under  such  influence,  is 
directed  to  look  beyond  the  mirror  slightly 
inwards  towards  his  nose,  but  on  no  account 
must  he  look  directly  at  the  mirror.  The 
operator,  holding  the  mirror  in  position  opposite 
the  light,  looks  through  the  central  opening, 
and  throws  the  reflection  upon  the  patient’s 
retina,  the  small  illuminated  portion  of  which 

#  In  former  days  a  concave  mirror  was  used  when  it  was 
necessary  for  the  operator  to  sit  closer,  but  this  is  now  almost 
universally  discarded  for  the  plane  mirror,  which  gives  a  true 
image  of  the  fundus,  and  by  which  shadows  are  better  seen  and 
the  results  more  exact.  If,  however,  a  concave  mirror  be  used, 
the  resulting  shadow  in  every  case  moves  in  the  reverse  direction. 
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is  termed  the  “red”  or  “fundus  reflex” — bright 
in  the  emmetrope,  but  less  so  in  the  ametrope — 
when  the  shadow  surrounding  it  must  be  care¬ 
fully  looked  for  and  watched,  for  it  is  by  the 
direction  in  which  the  shadow  moves  when 
the  mirror  is  revolved  that  the  case  can  be 
correctly  diagnosed. 

158.  The  image  of  the  reflected  light  in 
hypermetropia  is  an  erect  one  formed  behind 
the  eye,  whereas  in  myopia  it  is  an  inverted  one 
formed  in  front  of  the  eye. 

Testing  the  Shadow. 

159.  Both  meridians  must  be  examined  sepa¬ 
rately,  first  by  revolving  the  mirror  on  its 
vertical  axis  for  the  horizontal  meridian,  then 
on  its  horizontal  axis  for  the  vertical  meridian. 

160.  When  the  mirror  is  revolved  (on  either 
axis)  :  (1)  If  the  shadow  moves  “  with  ”  it,  i.  e. 
in  the  same  direction  as  the  circle  of  light,  the 
refractive  defect  is  hypermetropic  ;  (2)  if  the 
shadow  moves  “  against  ”  it  *  the  refractive 
defect  is  myopic ;  (3)  if  the  shadow  is  neutralised 
and  appears  to  turn  over  on  itself  the  eye  is 

#  Provided  the  operator  is  not  nearer  than  the  patient's  p.r., 
for  in  low  degrees  of  myopia,  say  — 5  D.,  where  the  p.r.  is  beyond 
120  cm.,  the  shadow  will  move  “  with." 
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emmetropic  ;  (4)  if  the  refraction  in  the  two 
meridians  differs  astigmatism  exists. 

161.  The  slower  the  shadow  is  in  moving,  the 
less  distinct  it  is,  and  the  duller  the  reflex,  the 
higher  is  the  degree  of  ametropia.  The  quicker 
the  shadow  moves,  the  more  distinct  it  is,  and 
the  brighter  the  reflex,  the  loiuer  is  the  degree 
of  ametropia. 

162.  The  refractive  defect  (if  any)  being 
discovered,  proceed  to  find  the  amount  in  either 
or  both  meridians  by  putting  up  in  the  trial 
frame  a  neutralising  lens,  commencing  with  1 
or  2  D.,  and  continue  changing  them  according 
to  whether  they  over-  or  under-correct  the  move¬ 
ment  of  the  shadow.  In  high  degrees  of  ame¬ 
tropia  the  red  fundus  reflex  is  generally  obscured 
and  the  shadow  difficult  to  make  out.  A  +  6  D. 
may  be  put  up  ;  then  a  -  6  D.  With  one  or 
the  other  the  ametropia  will  be  more  or  less 
corrected  and  the  shadow  seen  without  difficulty. 
From  this  point  the  examination  can  be  easily 
completed. 

163.  In  astigmatism  the  illuminated  area  (i.  e. 
the  image  of  the  light)  may  vary  both  in  shape 
and  position,  being  dependent  upon  the  maxi¬ 
mum  and  minimum  curvature  of  the  cornea, 
being  sometimes  oval,  and  at  others  band-like  in 
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shape,  and  the  edges  horizontally,  vertically,  or 
obliquely  disposed.  The  line  of  obliquity  of  the 
oval  or  band  denotes  the  direction  of  the  chief 
meridian,  with  which  either  is  parallel. 

164.  In  cases  of  compound  astigmatism  the 
vertical  meridian  should  be  corrected  first. 

165.  In  irregular  astigmatism  retinoscopy 
does  not  give  satisfactory  results,  the  shadow 
being  indefinite  and  irregular. 

166.  In  conical  cornea  the  shadow  is  ring- 

167.  Having  found  the  correcting  lens  which 
neutralises  the  shadow,  for  each  eye  in  hyper- 
metropia  and  myopia,  and  for  each  meridian  in 
the  case  of  astigmatism,  the  combination  having 
been  first  put  up  in  the  trial  frame,  the  test  is 
confirmed  by  testing  the  distant  vision  sub¬ 
jectively  with  the  trial  card,  making  any  altera¬ 
tion  which  may  be  necessary. 

168.  In  estimating  a  patient’s  refraction  by 
retinoscopy  we  must  bear  in  mind  that  we  do 
so  as  if  his  p.r.  was  at  150  cm.,  the  distance 
between  him  and  the  operator,  and  his  hyper  - 
metropia  will  be  over -  or  his  myopia  under-e sti- 
mated,  as  the  case  may  be.  To  obviate  this  in 
the  former  case  we  deduct  +  1  H.,  and  in  the 
latter  we  add  —  1  D.  to  his  correction.  For 
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instance,  if  the  shadow  moves  with  the  mirror, 
and  +  *50  corrects,  the  case  is  one  probably  of 
weak  myopia ;  if  +  ID.  corrects,  the  eye  is 
emmetropic  ;  and  if  a  stronger  lens  is  required 
the  case  is  one  of  hypermetropia.  If,  however, 
the  shadow  moves  against  the  mirror  it  is 
obviously  a  case  of  myopia,  and  if  we  get  no 
shadow  we  may  conclude  we  are  practically 
sitting  at  the  patient’s  far  point. 


XVIII.  Examples. 


Hypermetropia. 

169.  The  shadow  is  “with”  the  mirror. 
A  +  lens,  say,  +  1  D.,  is  put  up  in  the  trial 
frame.  If  the  shadow  is  still  “  with,”  this  is 
changed  for  +  2  or  +  3,  and  so  on  till  the 
shadow  is  neutralised. 


Formula  : 


—  +  3 
+  3 


Myopia. 

170.  The  shadow  is  “against”  the  mirror. 
A  —  ID.  lens  is  put  up  in  the  trial  frame.  If 
the  shadow  is  still  “against”  this  is  changed 
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for  —  2,  and  so  on  till  the  shadow  is  neutra¬ 
lised. 


Formula  : 


Simple  Hypermetropic  Astigmatism. 


171.  The  shadow  in  the  two  chief  meridians 
differs  (159).  That  in  the  vertical  meridian 
(166)  is  emmetropic,  but  that  in  the  horizontal 
requires  +  3  I).  to  neutralise. 


Formula  : 


-  +  3 

Em. 


Compound  Hypermetropic  Astigmatism. 

172.  The  shadow  in  one  meridian,  say  the 
vertical,  may  be  corrected  with,  say,  +  2  D., 
while  in  the  opposite  meridian  it  is  still  “  with.” 
It  is  then  apparent  that  both  meridians  are 
defective,  but  in  a  different  degree,  the  shadow 
in  the  horizontal  meridian  requiring  +  3  1).  to 
neutralise. 

—  +  3 
+  2 


Formula  : 
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Simple  Myopic  Astigmatism. 

173.  The  shadow  in  one  meridian  is  “  against,” 
the  opposite  being  emmetropic. 


Formula  : 


2 


Em. 


Compound  Myopic  Astigmatism. 

174.  The  shadow  is  oblique.  Astigmatism 
is  manifest.  Correct  each  meridian  separately, 
moving  the  mirror  at  right  angles  to  the  edge  of 
the  shadow .  The  amount  of  obliquity  can  gene¬ 
rally  be  estimated  by  the  eye  If  the  vertical 
meridian  be  20°  out  and  requires  for  its  correc¬ 
tion  —  2  D.,  and  the  meridian  at  right  angles 
to  this  requires  —  3  D.,  it  is  expressed  as  in  the 
following  formula. 


Formula ; 


Correct  with  sph.  -23  cyl.  ~  1  ax-  110°. 
Mixed  Astigmatism. 

175.  The  shadow  on  vertical  rotation  is 
neutralised  by  a  +  2  D.  for  the  horizontal 
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meridian,  while  on  horizontal  rotation  for  the 
vertical  meridian  requires  —  2D. 


Formula  : 


-  +2 

-  2 


Correction. — A  cyl.  —  2,  ax.  h.  3  cyl.  +  2 
ax.  v.  But  as  it  is  a  rule  in  correcting  refrac¬ 
tions  to  reduce  to  a  sphere  and  a  cylinder,  either 
of  the  following  formulae  may  he  adopted,  the 
latter  for  preference. 

1.  Sph.  —  2  3  cyl.  +  4,  ax.  v.;  or — 

2.  Sph.  +  23  cyl.  ~  4,  ax.  h. 
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Sir  William  J.  Moore,  K.C.I.E.,  M.£).  Eighth  Edition  revised  by  Major 
C.  A.  Sprawson,  M.D.,  I.M.S.  69  Engravings.  6s.net. 

Waring's  Bazaar  Medicines  of  India.  By  Lt.-Col. 

C.  P.  Lukis,  I.M.S. , Principal,  Medical  College,  Calcutta.  6th  Ed.  6s.  net. 

The  Blood :  how  to  Examine  and  Diagnose  its 

Diseases.  By  A.  C.  Coles,  M.D.  3rd  Ed.  7  Col.  Plates.  10s.  6d.  net. 

Lectures  on  Medicine  to  Nurses.  By  Herbert  E. 

Cuff,  M.D.,  F.R.C.S.,  late  Medical  Superintendent,  North-Eastern  Fever 
Hospital,  London.  Sixth  Edition.  29  Illustrations.  3s.  6d.  net. 

On  Alcoholism  :  Sts  Clinical  Aspects  and  Treat¬ 

ment.  By  F  Hare,  M.D.,  Med.  Supt.,  Norwood  Sanatorium.  5s.  net. 
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Massage :  Its  Principles  and  Practice.  By  James 

B.  Mennell,  M.A.,  M.D.,  B.C.,  Med.  Officer,  Physico-Therapeutic  Dept., 
St.  Thomas's  Hospital,  and  Military  Orthopgedic  Hospital,  Shepherd’s 
Bush.  With  Introduction  by  Sir  R.  Jones,  C.B.,  F.R.C.S.  With  135 
Illustrations.  8s.  6 d.  net. 

A  System  of  Treatment  by  British  Authors.  Edited 

by  Arthur  Latham,  M.D.,  P.R.C.P.,  Physician  and  Lecturer  on  Medi¬ 
cine,  St.  George’s  Hospital,  and  T.  Crisp  "English,  M.B.,  B.S.,  F.R.C.S., 
Surgeon,  St.  George’s  Hospital.  In  4  Volumes.  Vols.  I  and  II.  General 
Medicine  and  Surgery.  Vol.  III.  Special  Subjects.  Vol.  IV.  Obstetrics 
and  Gynaecology.  30s.  net  per  Volume,  but  sets  £5  5s.  net. 

The  Cure  of  Obesity  and  Obese  Heart.  By  J.  S. 

Kellett  Smith,  F.R.C.S.  12  Illustrations.  3s.  Qd.  net. 

Treatment  of  Tuberculosis.  By  Albert  Robin,  Pro¬ 
fessor  of  Clinical  Therapeutics,  Paris  Faculty  of  Medicine.  Translated 
by  Dr.  Leon  Blanc  and  H.  de  Mbric.  18s.  net. 

Researches  on  Rheumatism.  By  F.  J.  Poynton, 

M.D.,  F.R.C.P.Lond.,  and  Alexander  Paine,  M.D.,  B.S.Lond.  With 
108  Illustrations  and  a  Coloured  Frontispiece.  15s.  net. 

Vicious  Circles  in  Disease.  By  J.  B.  Hurry,  M.A., 

M.D.  Second  Edition.  With  16  Illustrations.  7s.  6 d.  net.  Poverty 
and  its  Vicious  Circles.  5s.  net.  The  Vicious  Circles  of  Neuras= 
thenia  and  their  Treatment.  3s.  Qd.  net.  Vicious  Circles  in 
Sociology  and  their  Treatment.  2s.  net.  The  Ideals  and  Organic 
sation  of  a  Medical  Society.  2s.  net. 

Diseases  of  the  Stomach,  with  Special  Reference 

to  Treatment.  By  C.  D.  Aaron,  Sc.D.,  M.D.,  Professor  of  Gastro-entero- 
logy,  Detroit  College  of  Medicine.  42  Illustrations  and  21  Plates.  21s.  net. 

Ulcer  of  the  Stomach  and  Duodenum.  By  Samuel 

Fenwick,  M.D.,  F.R.C.P.,  and  W.  Soltau  Fenwick,  M.D.,  B.S.  56 
Illustrations.  10s.  6 d.  net.  Cancer  and  other  Tumours  of  the 
Stomach.  70  Illustrations.  10s.  Qd.  net. 

The  Schott  Methods  of  the  Treatment  of  Chronic 

Diseases  of  the  Heart.  By  W.  Bezly  Thorne,  M.D.,  M.R.C.P.  Fifth 
Edition.  Illustrated.  5s.  net. 

The  Clinical  Examination  of  Urine.  By  Bindley 

Scott,  M.A.,  M.D.  41  original  Plates  (mostly  in  colours).  15s.  net. 

Urine  Examination  made  easy.  By  Thomas  Car- 

ruthers,  M.B.,  Ch.B.  Third  Edition.  Is.  net. 

Electricity  :  Its  Medical  and  Surgical  Applications. 

By  C.  S.  Potts,  M.D.,  Professor  of  Neurology,  University  of  Pennsyl¬ 
vania.  With  356  Illustrations  and  6  Plates.  18s.  net. 

Rational  Organotherapy.  Translated  from  the  Russian 

by  Prof.  Dr.  A.  von  Poehl,  Prof.  Prince  J.  von  Tarchanoff,  Dr.  Alf  von 
Poehl,  and  Dr.  P.  Wachs.  Vol.  I.  8vo.  7s.  Qd.  net. 

Uric  Acid  as  a  Factor  in  the  Causation  of  Disease. 

By  Alexander  Haig,  M.D.,  F.R.C.P  ,  Physician  to  the  Metropolitan 
Hospital.  Seventh  Edition.  75  Illustrations.  14s.  net.  Uric  Acid 
in  the  Clinic.  5s.  net.  Uric  Acid,  an  Epitome  of  the  Subject. 

Second  Edition.  2s.  Qd.  net. 
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A  Text- Book  of  Surgery.  By  R.  Warren,  M.D., 

F.R.C.S.,  Assistant  Surgeon,  London  Hospital.  2  Volumes.  504  Illus¬ 
trations.  25s.  net. 

Operative  Surgery.  The  Head  and  Neck,  the  Thorax 

and  the  Abdomen.  By  Edwaeb  H.  Taylor,  M.D  ,  B.S.,  F.R.C.S.I.,  Pro¬ 
fessor  of  Surgery,  University  of  Dublin.  300  Illustrations,  many  in 
Colour.  30s.  net. 

The  Practice  of  Surgery.  By  W.  Gr.  Spencer,  M.S., 

F. R.C.S.,  Surgeon  and  Lecturer  on  Surgery,  Westminster  Hospital,  and 

G.  E.  Gash:,  F;R.C.S.,  Assistant  Surgeon  and  Demonstrator  of  Practical 
Surgery,  St.  Bartholomew’s  Hospital.  28  Skiagram  Plates.  20  Colour 
Plates.  707  Text-fieures.  22s.  net. 

A  Manual  of  Surgical  Diagnosis.  By  James  Berry, 

B.S.Lond.,  F.R.C.S.,  Surgeon  to  Royal  Free  Hospital.  6s.  net. 

i  Manual  of  Surgery.  By  F.  T.  Stewart,  M.D.,  Pro¬ 
fessor  of  Clinical  Surgery,  Jefferson  Medical  College.  Third  Edition. 
571  Illustrations.  16s.  net. 

l  Synopsis  of  Surgery.  By  R.  F.  Tobin,  F.R.C.S.I., 

Surgeon  to  St.  Vincent’s  Hospital,  Dublin.  Second  Edition.  6s.  6 d.  net. 

Ovariotomy  and  Abdominal  Surgery.  By  Harrison 

Cripps,  F.R.C.S.,  Surgical  Staff,  St.  Bartholomew’s  Hospital.  25s.  net. 

By  the  same  Author. 

On  Diseases  of  the  Rectum  and  Anus,  including 

the  Sixth  Edition  of  the  Jacksonian  Prize  Essay  on  Cancer.  Fourth 
Edition.  With  14  Plates  and  34  Illustrations.  lOe.  6 d.  net. 

Cancer  of  the  Rectum,  especially  considered  with 

regard  to  its  Surgical  Treatment.  Jacksonian  Prize  Essay.  Sixth  Edition. 
With  14  PlaJes  and  several  Engravings.  58.  net. 

Diseases  of  the  Rectum,  Anus,  and  Sigmoid  Colon. 

By  F.  Swinford  Edwards,  F.R.C.S.,  Senior  Surgeon  to  St.  Mark’s 
Hospital.  Third  Edition.  102  Illustrations.  10e.  6d.  net. 

^Minor  Surgery  and  Bandaging  (Heath  and  Pollard). 

Sixteenth  Edition.  By  H.  Morriston  Davies,  M.D.,  M.C. (Cantab.), 
F.R.C.S.,  Surgeon  to  University  College  Hospital.  252  Engravings. 
8s.  6d.  net. 

Injuries  and  Diseases  of  the  Jaws.  By  Christopher 

Heath,  F.R.C.S.  Fourth  Edition.  Edited  by  H.  P.  Dean,  M.S.,  F.R.C.S., 
Assistant  Surgeon,  London  Hospital.  187  Illustrations.  14s.  net. 

By  the  same  Author. 

Clinical  Lectures  on  Surgical  Subjects  delivered  at 

University  College  Hospital.  First  Series,  6s. ;  Second  Series,  6s.  net. 

Surgical  Nursing  and  After-Treatment.  By  H.  C. 

Rutherford  Darling,  M.D.,  F.R.C.S.,  Assistant  Surgeon,  South 
Sydney  Hospital.  With  129  Illustrations.  8s.  6d.  net. 

By  the  same  Author. 

Hygiene  for  Nurses.  With  13  Illustrations,  s.  d.  net. 

Nearly  Heady. 
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The  Operations  of  Surgery.  Sixth  Edition  of  Jacobson. 

By  R.  P.  Rowlands,  M.S.Lond.,  F.R.C.S.,  Surgeon,  Guy’s  Hospital, 
and  Philip  Turner,  M.S.,  F.R.C.S.,  Assistant  Surgeon,  Guy’s  Hos¬ 
pital.  2  vols.  797  Illustrations,  40  in  Colour.  50s.  net. 

4 

Surgery  in  War.  By  A.  J.  Hull,  E.R.C.S.,  Lient.-Col., 

R.A.M.C.,  Surgeon,  British  Expeditionary  Force,  France.  With  Preface 
by  Sir  A.  Keogh,  K.C.B.,  M.D.  26  Plates  and  55  Text-figures.  10s.  6 d. 
net. 

A  System  of  Treatment.  In  4  Volumes.  Edited  by 

Arthur  Latham,  M.D.,  and  T.  Crisp  English,  F.R.C.S.  See  p.  7. 

H are  =  Lip  and  Cleft  Palate,  with  Special  Reference 

to  the  Operative  Treatment  and  its  Results.  By  James  Berry,  B.S., 
F.R.C.S.,  Senior  Surgeon  to  the  Royal  Free  Hospital,  and  T.  Percy  Legg, 
M.S.,  F.R.C.S.,  Surgeon  to  the  Royal  Free  Hospital.  242  Illustrations 
and  Appendix  of  Cases.  12s.  Qd.  net. 

A  Practical  Treatise  on  Fractures  and  Disloca= 

tions.  By  L.  A.  Stimson,  B.A.,  M.D.,  LL.D.,  Professor  of  Surgery, 
Cornell  University  Medical  College,  New  York.  Seventh  Edition.  With 
39  Plates  and  459  Illustrations.  24s.  net. 

A  Treatise  on  Tumours.  By  A.  E.  Hertzler,  M.D., 

Prof,  of  Surgery,  University  of  Kansas.  With  546  Engravings.  30s.  net. 

Practice  and  Problem  in  Abdominal  Surgery.  By 

Alfred  Ernest  Maylard,  M.B.Lond.  and  B.S.,  Senior  Surgeon  to 
the  Victoria  Infirmary,  Glasgow.  With  39  Illustrations.  8s.  6d.  net. 
Abdominal  Tuberculosis.  57  Illustrations.  12s.  6rf.  net. 

Surgical  Pathology  and  Morbid  Anatomy.  By  Sir 

Anthony  A.  Bowlby,  F.R.C.S.,  Surgeon  to  St.  Bartholomew’s  Hospital, 
assisted  by  F.  W.  Andrbwes,  M.D.,  Lecturer  on  Pathology,  St.  Bartholo¬ 
mew’s  Hospital.  Sixth  Edition.  With  200  Illustrations.  10s.  6 d.  net. 

Clinical  Essays  and  Lectures.  By  Howard  Marsh, 

F.R.C.S.  26  Illustrations.  7s.  6d.  net. 

Hernia,  its  Cause  and  Treatment.  By  R.  W.  Murray, 

F.R.C.S.,  Surgeon,  David  Lewis  Northern  Hospital,  late  Surgeon,  Liver¬ 
pool  Infirmary  for  Children.  Second  Edition.  62  Illustrations.  6s.  net. 

Modern  Bullet- Wounds  and  Modern  Treatment. 

By  Major  F.  Smith,  D.S.O.,  R.A.M.C.  3s.  net. 

^Surgical  Emergencies.  By  Paul  Swain,  F.R.C.S., 

Surgeon  to  the  South  Devon  and  East  Cornwall  Hospital.  Fifth 
Edition.  149  Engravings.  6s.  not. 

Chloroform :  a  Manual  for  Students  and  Practi¬ 
tioners.  By  Edward  Lawrie,  M.B.Edin.,  Lieut. -Col.  I.M.S.,  Residency 
Surgeon,  Hyderabad.  Illustrated.  5s.  net. 
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An  Epitome  of  Mental  Disorders.  A  Practical  Guide 

to  ^Etiology,  Diagnosis,  and  Treatment.  By  E.  Fryer  Ballakd,  M.B., 
B.S.,  Capt.,  R.A.M.C.,  Medical  Officer  in  Charge  of  Observation  and 
Mental  Block,  2nd  Eastern  General  Hospital.  3  Illustrations.  6s.  net. 

A  Text=Book  of  Nervous  Diseases.  Bj  W.  Aldren 

Turner,  M.D.,  F.R.C.P.,  Physician  and  Lecturer  on  Neurology,  King’s 
College  Hospital ;  and  T.  G.  Stewart,  M.B.,  Assistant  Physician,  National 
Hospital  for  Paralysed.  With  188  Illustrations.  18s.  net. 

Paralysis  and  other  Nervous  Diseases  in  Childhood 

and  Early  Life.  By  James  Taylor,  M.D.,  F.R.C.P.,  Physician,  National 
Hospital  for  Paralysed  and  Epileptic.  74  Illustrations.  12a.  6 d.  net. 

A  Manual  of  Diseases  of  the  Nervous  System.  By 

Sir  William  R.  Gowers,  M.D.,  F.R.S.  Vol.  I.— Nerves  and  Spinal 
Cord.  Third  Edition,  by  the  Author  and  James  Taylor,  M.D.,  F.R.C.P. 
192  Engravings.  15g.  net. 

By  the  same  Author. 

Subjective  Sensations  of  Sight  and  Sound,  Abio  = 

trophy,  and  other  Lectures  on  Diseases  of  the  Nervous  System.  68.  net. 
Epilepsy  and  Other  Chronic  Convulsive  Diseases:  their  Causes, 
Symptoms,  and  Treatment.  Second  Edition.  10s.  6d.  net.  The 
Borderland  of  Epilepsy,  Faints,  Vagal  Attacks,  Vertigo,  Migraine, 
Sleep  Symptoms,  and  their  Treatment.  4s.  6d.  net. 

Selected  Papers  on  Stone,  Prostate,  and  other 

Urinary  Disorders.  By  Reginald  Harrison,  F.R.C.S.,  Surgeon  to  St. 
Peter’s  Hospital.  15  Illustrations.  5s.  net. 

By  E.  Hurry  Fenwick,  F.R.C.S.,  Surgeon  to  the  London  Hospital  : 

Atlas  of  Electric  Cystoscopy.  34  Coloured  Plates. 

21s.  net. 

Obscure  Diseases  of  the  Urethra.  63  Illus.  6s.  6cl.  net. 
Operative  and  inoperative  Tumours  of  the  Urinary 

Bladder  :  39  Illustrations.  5a.  net. 

Tumours  of  the  Urinary  Bladder.  Fas.  1.  5s.  net. 
Ulceration  of  the  Bladder,  Simple,  Tuberculous,  and 

Malignant :  a  Clinical  Study.  Illustrated.  5a.  net. 

The  Malarial  Fevers,  lisemoglobinuric  Fever  and 

Blood  Protozoa  of  Man.  By  C.  F.  Craig,  M.D.,  Captain  H.S.  Army. 
4  Coloured  Plates.  Numerous  Charts  and  Drawings.  20s.  net. 

Waring  A  Bazaar  Medicines  of  India.  See  page  6. 
The  Malarial  Fevers  of  British  Malaya.  By 

Hamilton  Wright,  M.D.  (McGill),  Director  of  the  Institute  for  Medical 
Research,  Federated  Malay  States.  Map  and  Charts.  3s.  net.  The 
Etiology  and  Pathology  of  Beri  Beri.  With  Map  and  Charts.  3s.  net. 

Yellow  Fever  Commission  (West  Africa).  First 

Report,  6 d.  net.  Second  Report,  2s.  6 d.  net.  Third  Report,  Is.  M. 
net.  Fourth  Report.  5s.  net.  Volume  III,  10s.  Qd.  net. 

Report  of  the  Accra  Laboratory  for  1914.  By  J.  W. 

Scott  Macfie,  M.A.,  D.Sc.  Illustrated.  5s.  net.  Report  for  1915, 
5s.  net. 
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0  Gynaecology 


The  Difficulties  and  Emergencies  of  Obstetric 

Practice.  By  Comyns  Berkeley,  M.D.,  F.R.C.P.,  Obstetric  and  Gynae¬ 
cological  Surgeon,  Middlesex  Hospital,  and  Victor  Bomey,  M.D., 
F.R.C.S.,  Assistant  Obstetric  and  Gynaecological  Surg’eon,  Middlesex 
Hospital.  Second  Edition.  With  302  Original  Illustrations.  24s.  net. 

Manual  of  Midwifery.  By  T.  W.  Eden,  M.D., 

C.M.,  F.R.C.P.,  Obstetric  Physician  and  Lecturer  on  Practical  Midwifery, 
Charing  Cross  Hospital.  4th  Ed.  5  Plates  and  354  Illustrations.  18s.  net. 

Gynaecology.  By  T.  W.  Eden,  M.  1).,  and  Cuthbert 

Lockyer,  M.D.,  B.S.,  F.R.C.S.,  F.R.C.P.,  Assistant  Obstetric  Physi¬ 
cian,  Charing  Cross  Hospital.  With  513  Illustrations  and  20  Coloured 
Plates.  27s.  net. 

vA  Short  Practice  of  Midwifery,  embodying  the 

Treatment  adopted  in  the  Rotunda  Hospital,  Dublin.  By  Henky  Jellett,- 
M.D.,  B.A.O.Dub.,  Master  of  the  Rotunda  Hospital,  Dublin.  Sixth 
Edition.  4  Colouied  Plates  and  207  Illustrations.  12s.  6d.  net. 

By  the  same  Author. 

A  Short  Practice  of  Midwifery  for  Nurses,  with  a 

Glossary  of  Medical  Terms,  and  the  Regulations  of  the  C.M.B.  Fourth 
Edition.  6  Coloured  Plates  and  169  Illustrations.  7s.  6d.  net. 


Also 

Gynaecology. 


With  374  Illustrations 
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With  316  Illus- 


A  Practice  of 

(many  in  colour).  21s.  net. 

A  Short  Practice  of  Gynaecology. 

•  trations  (many  in  colour).  15s.  net. 

Obstetric  Aphorisms.  By  the  late  J.  G-.  Swayne,  M.D., 

Revised  by  W.  C.  Swayne,  M.D.,  B.S.Lond.,  Professor  of  Obstetrics, 
University  of  Bristol.  Eleventh  Edition.  With  29  Illustrations.  3s.6d.net. 

A  Manual  for  Midwives.  By  C.  J.  N.  Longridge, 

M.D.,  F.R.C.S.,  and  J.  B.  Banister,  M.D.,  F.R.C.S.,  Physician  to  Out¬ 
patients,  Queen  Charlotte’s  Hospital.  Second  Edition.  4  Plates  and  47 
Illustrations.  3s.  6 d.  net. 

A  Short  Manual  for  Monthly  Nurses.  By  Charles 

J.  Cullingworth,  M.D.,  F.R.C.P.  Sixth  Edition.  Is.  6 d.  net. 

A  Clinical  Manual  of  the  Malformations  and  Con¬ 
genital  Diseases  of  the  Foetus.  By  Prof.  Dr.  R.  Birnbaum.  With  8 
Plates  and  58  Illustrations  in  the  text.  15s.  net. 

A  Text- Book  of  Embryology.  By  F.  B.  Bailey, 

M.D.,  Professor  of  Histology  and  Embryology,  Columbia  University  ;  and 
A.  M.  Miller,  A.M.,  Instructor  in  Histology  and  Embryology,  Columbia 
University.  Second  Edition.  With  515  Illustrations.  21s.net. 

A  Laboratory  Text- book  of  Embryology.  By  C.  S. 

Minot,  LL.D.,  D.Sc.,  Professor  of  Comparative  Anatomy,  Harvard 
Medical  School.  .  Second  Edition.  262  Illustrations.  16s.  net. 

Outlines  of  Gynaecological  Pathology  and  Morbid 

Anatomy.  By  C.  Hubert  Roberts,  M.D.Lond.,  Physician  to  the  Samar¬ 
itan  Free  Hospital  for  Women.  151  Illustrations.  21s.  net. 

A  Lecture  on  Dysmenorrhoea.  By  R.  A.  Gibbons, 

M.D.,  F.R.C.S.E.,  Physician,  Grosvenor  Hospital  for  Women.  2s.  net. 

A  Lecture  on  Sterility:  its  /Etiology  and  Treatment.  2s.net.  A 
Lecture  on  Pruritus  Vulvse;  its  /Etiology  and  Treatment.  2s.net, 
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Medical  Jurisprudence 
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Lectures  on  Medical  Jurisprudence  and  Toxicology. 

By  Feed.  J.  Smith,  M.D.,  F.R.C.P.,  F.R.C.S.Eng.,  Physician  to,  and 
Lecturer  on,  Forensic  Medicine  and  Toxicology  at  the  London  Hospital. 
Second  Edition.  8s.  6d.  net. 


By  the  same  Author. 

Law  for  Medical  Men,  containing  Extracts 

Acts  of  Parliament  interesting  to  Medical  Men.  10s.  6d. 


from 


net. 


Medical  Jurisprudence:  its  Principles  and  Practice. 

By  Alfked  S.  Taylor,  M.D.,  F.R.C.P.,  F.R.S.  Sixth  Edition,  by  Feed. 
J.  Smith,  M.D.,  F.R.C.P.,  Physician  to,  and  Lecturer  on  Forensic 
Medicine  at  the  London  Hospital.  2  vols.  20  Engravings.  42s.  net. 

Medical  Ophthalmoscopy :  a  Manual  and  Atlas. 

By  Sir  William  R.  Gowers,  M.D.,  F.R.C.P.,  F.R.S.  Fourth  Edition. 
Edited  with  the  assistance  of  Marcus  Gunn,  F.R.C.S.,  Surgeon  Royal 
London  Ophthalmic  Hospital.  Autotype  Plates  and  Woodcuts.  14s.  net. 

Manual  of  Ophthalmic  Surgery  and  Medicine.  By 

W.  H.  H.  Jkssop,  M.A.,  F.R.C.S.,  Senior  Ophthalmic  Surgeon  to  St. 
Bartholomew's  Hospital.  Second  Edition.  8  Plates  and  155  other 
Illustrations.  9s.  6 d.  net. 

Refraction  of  the  Eye :  a  Manual  for  Students. 

By  Gustavus  Hartridge,  F.R.C.S.,  Surgeon  to  the  Royal  Yfestminster 
Ophthalmic  Hospital.  Fifteenth  Edition.  107  Illustrations,  also  Test- 
types,  etc.  5s.net.  The  Ophthalmoscope  :  a  Manual  for  Students. 
Fifth  Edition.  68  Illustrations  and  4  Plates.  4s.  net. 

Diseases  of  the  Eye  :  a  Manual  for  Students  and 

Practitioners.  By  J.  Herbert  Parsons,  D.Sc.,  M.B.,  B.S.,  F.R.O.S., 
Ophthalmic  Surgeon,  University  College  Hospital  ;  Surgeon,  Royal 
London  (Moorfields)  Ophthalmic  Hospital.  Second  Edition.  309  Illus¬ 
trations  and  7  Coloured  Plates.  14s.  net.  Elementary  Ophthalmic 
Optics,  including  Ophthalmoscopy  and  Retinoscopy.  66  Illustra¬ 
tions.  68.  6d.  net. 

Sight  =  Testing  Made  Easy,  including  Chapter  on 

Retinoscopy.  By  W.  W.  Hardwicke,  M.D.,  M.R.C.P.,  late  Hon. 
Physician,  Molesey  and  Hampton  Court  Cottage  Hospital.  Third 
Edition.  12  Engravings.  2s.  6d.  net. 

Ophthalmological  Society  of  the  United  Kingdom. 

Transactions.  Yol.  XXXYI.  12s.  6d.  net. 


of  the  Skin.  By  J.  H.  Sequeira,  M.D., 

F.R.C.S.,  Physician,  Skin  Department.  Second  Edition.  With 


Diseases 

F.R.C.P. 

48  Plates  in  Colour  and  238  Text  Illustrations.  288.  net. 

The  Diagnosis  and  Treatment  of  Syphilis.  By  Tom 

Robinson,  M.D.St.  And.,  Physician  to  the  Western  Skin  Hospital. 
Second  Edition.  3s.  6 d.  net.  The  Diagnosis  and  Treatment  of 
Eczema.  Second  Edition.  3s.  6d.  net. 
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The  Labyrinth  of  Animals,  including*  Mammals, 

-Birds,  Reptiles,  and  Amphibians.  By  Albert  A.  Gray,  M.D.(Glas.), 
F.R.S.E.,  Surgeon  for  Diseases  of  the  Ear  to  the  Victoria  Infirmary, 
Glasgow.  Vol.  I,  with  31  Stereoscopic  Plates.  21s.  net  (including 
Stereoscope).  Vol.  II.  45  Stereoscopic  Plates.  25s.net. 

Diseases  of  the  Ear.  By  T.  Mark  Hovell,  Senior 

Aural  Surgeon  to  the  London  Hospital,  and  Lecturer  on  Diseases  of  the 
Throat  in  the  College.  Second  Edition.  128  Engravings.  21s.  net. 

Diet  and  Disease  in  Infancy.  By  H.  C.  Cameron, 

M.D.,  F.R.C.P.,  Assistant  Physician,  Guy’s  Hospital.  With  4  Coloured 
Plates  and  13  Test-figures.  8s.  6d.  net. 

The  Diseases  of  Children.  By  Sir  James  F.  Good- 

hart,  Bt.,M.D.,  F.R.C.P.,and  G.  F.  Still,  M.D.,  F.R.C.P.,  Professor  of  the 
Diseases  of  Children,  King’s  College.  Tenth  Edition.  42  Illustrations. 
16s.  net. 

The  Wasting  Diseases  of  Infants  and  Children.  By 

Eustace  Smith,  M.D.,  F.R.C.P.  Sixth  Edition.  6s.  net. 

On  the  Natural  and  Artificial  Methods  of  Feeding 

Infants  and  Young  Children.  By  Edmund  Cautley,  M.D.,  Physician  to 
the  Belgrave  Hospital  for  Children.  Second  Edition.  7s.  6d.  net. 

An  Introduction  to  Dental  Anatomy  and  Physio¬ 
logy,  Descriptive  and  Applied.  By  A.  Hopewell-Smith,  L.D.S.Eng., 
Lecturer  on  Dental  Anatomy  and  Physiology,  Royal  Dental  Hospital, 
London.  With  6  Plates  and  340  Illustrations.  18s.  net. 


Dental  Anatomy,  Human  and  Comparative :  a 

Manual.  By  Charles  S.  Tomes,  M. A.,  F.R.S.  Edited  by  H.  W.  Marett 
Tims,  M.A.,  M.D.,  F.L.S.,  and  A.  Hopewell  Smith,  L.R.C.P.,  M.R.C.S., 
L.D.S.  Seventh  Edition.  300  Illustrations.  15s.net. 


A  System  of  Dental 

F.R.S.  Revised  by  C. 
Nowell,  M.A.Oxon. 


Surgery.  By  Sir  John  Tomes, 

S.  Tomes,  M.A.,  F.R.S.,  and  Walter  S. 

Fifth  Edition.  318  Engravings.  15s.  net. 


An  Atlas  of  Dental  Extractions,  with  Notes  on  the 

Causes  and  Relief  of  Dental  Pain.  By  C.  Edward  Wallis,  M.R.C.S., 
L.R.C.P.,  L.D.S. ,  Assistant  Dental  Surgeon,  King’s  College  Hospital. 
With  11  Plates.  3s.  6 d.  net. 

A  Manual  of  Dental  Metallurgy.  By  Ernest  A.  Smith, 

Assay  Office,  Sheffield.  Third  Edition.  38  Illustrations.  6s.  Qd.  net. 

Dental  Materia  Medica,  Pharmacology  and  Thera = 

gmtics.  By  Charles  W.  Glassixgton,  M.R.C.S.,  L.D.S.Edin. ;  Senior 
ental  Surgeon,  Westminster  Hospital.  Second  Edition.  6s.  net. 
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Inorganic  and  Organic  Chemistry.  By  C.  L. 

Bloxam,  Tenth  Edition.  Revised  by  A.  G.  Bloxam,  F.I.C.,  and  S. 
Junn  Lewis,  D. Sc  ,  F. I. C.  313  Illustrations.  21s.net. 

Treatise  on  General  and  Industrial  Chemistry. 

By  Dr.  Ettore  Molinari.  Vol.  I. — Inorganic.  Translated  by  E. 
Feilmann,  B.Sc.,  Ph.D.,  F.C.S.  With  280  Illustrations  and  3  Plates. 
21s.  net.  Vol.  II. — Organic.  Translated  by  T.  H.  Pope,  B.Sc.,  F.I.O. 
With  506  Illustrations.  24s.  net. 

Explosives :  Their  Manufacture,  Properties,  Tests, 

and  History.  By  A.  Marshall,  A.O.G.I.,  F.I.C.,  F.C.S.,  Chemical 
Inspector,  Indian  Ordnance  Dept.  Second  Edition.  Two  vols.  With 
158  Illustrations.  £3  3s.  net. 

Liquid  Air,  Oxygen,  Nitrogen.  By  Georges  Claude. 

Translated  by  H.  E.  P.  Cottrell,  Assoc.  M.I.C.E.,  M.S.C.I.,  F.R.C.I. 
With  151  Illustrations.  21s.  net. 

Bricks  and  Artificial  Stones  of  Non  =  Plastic  Mate¬ 

rials.  By  Alfred  B.  Searle.  65  Illustrations.  8s.  6d.  net. 

The  Preparation  of  Organic  Compounds.  By  E. 

de  Barry  Barnett,  B.Sc.  With  50  Illustrations.  8s.  6d.  net. 

The  Chemistry  of  Cyanogen  Compounds,  and  their 

Manufacture  and  Estimation.  By  Herbert  E.  Williams.  10s.  6d.net. 

Fatty  Foods :  Their  Practical  Examination.  By 

E.  R.  Bolton  and  C.  Revis.  7  Plates  and  36  Text-figures.  10s.  6d.  net. 

The  Plant  Alkaloids.  By  T.  A.  Henry,  I). Sc., 

Superintendent  of  Laboratories,  Imperial  Institute.  18s.  net. 

Quantitative  Analysis  in  Practice.  By  J.  Waddell, 

D.Sc.,  Ph.D.  4s.  6 d.  net. 

Industrial  Organic  Analysis.  By  Paul  S.  Arup,  B.Sc., 

A. C.G.I.,  14  Illustrations.  7s.  6d.  net. 

A  History  of  Chemistry.  By  the  late  J.  Campbell 

Brown.  Edited  by  H.  H.  Brown.  With  120  Illustrations.  10s.  Qd.  net. 
Practical  Chemistry.  Sixth  Edition.  Edited  by  G.  D.  Bengough, 
D.Sc.  2s.6d.net.  Essays  and  Addresses.  With  23  Illustrations.  5s.net. 

Microbiology  for  Agricultural  and  Domestic  Science 

Students.  Edited  by  C.  E.  Marshall.  Second  Edition.  With  186  Illus¬ 
trations.  12s.  6d.  net. 

Cocoa  and  Chocolate:  their  Chemistry  and  Manu  = 

facture.  By  R.  Whymper.  With  13  Plates  and  19  figures.  18s.net. 

Annual  Tables  of  Constants  and  Numerical  Data. 

Chemical,  Physical,  and  Technological.  Volume  III.  Cloth,  28 s.  6d.  net. 

Laboratory  Text -book  of  Chemistry.  Part  I.  By 

V.  S.  Bryant,  M. A.,  Assistant  Master,  Wellington  College.  4s.net. 

Modern  Methods  of  Steel  Analysis.  By  J.  A.  Pickard, 

B. Sc.,  A.R.C.Sc.  Illustrated.  3s.  6d.  net. 

The  Synthetic  Use  of  Metals  in  Organic  Chemistry. 

By  A.  J.  Hale,  Lect.  in  Chem.,  City  and  Guilds  Coll.,  Finsbury.  4s.  6d.  net. 

Elementary  Practical  Metallurgy.  By  J.  H.  Stansbie, 

B.Sc.,  F.I.C.,  Lecturer  on  Metallurgy,  Municipal  Technical  School, 
Birmingham.  3s.  6d.  net. 
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A  Handbook  of  Colloid  Chemistry.  Bv  Dr.  W.  Ostwald, 

Translated  by  Dr.  Martin  H.  Fischer.  61  Illustrations.  12s.  6c7.  net. 

The  Analyst’s  Laboratory  Companion :  a  Collection 

of  Tables  and  Data  for  Chemists  and  Students.  By  Alfred  E.  Johnson, 
B.Sc.,  F.I.C.  Fourth  Edition.  6s.  Qd.  net. 

Commercial  Organic  Analysis  :  a  Treatise  on  the 

Properties,  Modes  of  Assaying,  Proximate  Analytical  Examination,  etc., 
of  Organic  Chemicals  and  Products.  By  A.  H.  Allen,  F.I.C.  Fourth 
Edition,  now  complete  in  8  volumes.  Edited  by  W.  A.  Davis,  B.Sc., 

A. C.G.I.,  Henry  Leeemann,  M.A.,  M.D.,  and  S.  S.  Sadtler,  S.B. 
25s.  net  each  volume.  [Prospectus  on  application.] 

Volumetric  Analysis;  or,  the  Quantitative  Estima= 

tion  of  Chemical  Substances  by  Measure.  By  Francis  Sutton,  F.C.S., 
F.I.C.  Tenth  Edition.  21s.  net. 

Text  =  Books  of  Chemical  Research  and  Engineering. 

Edited  by  W.  P.  Dreaper,  F.I.C. 

Surface  Tension  and  Surface  Energy  and  their  Influence  on  Chemical 

Phenomena.  By  R.  S.  Willows,  M.A.,  D.Sc.,  and  E.  Hatschek.  With 
17  Illustrations.  2s.  6c7.  net. 

Molecular  Physics.  By  J.  A.  Crowther,  M.A.,  Fellow  of  St.  John’s  College, 
Cambridge.  With  29  Illustrations.  3s.  6 d.  net. 

Chemical  Engineering:  Notes  on  Grinding,  Sifting,  Separating,  and 

Transporting  Solids.  By  J.  W.  Hinchlet,  A.R  S,M.  With  70  Illus¬ 
trations.  2s.  6 d.  net. 

Notes  on  Chemical  Research.  By  W.  P.  Dreaper,  F.I.C.  2s.  6 d.  net. 

An  Introduction  to  the  Physics  and  Chemistry  of  Colloids.  By  Emil 

Hatschek.  Second  Edition.  3s.  net. 

Catalysis  and  its  Industrial  Applications.  By  E.  Jobbing,  A.R.C.Sc., 

B. Sc.,  F.C.S.  Illustrated.  2s.  6 d.  net. 

Volumetric  Analysis  for  Students  of  Pharmaceutical 

and  General  Chemistry.  By  C.  H.  Hampshire,  B.Sc.,  A.I.C.,  Demonstrator 
in  Chemistry,  Pharmaceutical  Society.  Illustrated.  3s.  Qd.  net. 

A  Manual  of  Chemistry,  Theoretical  and  Practical. 

By  Sir  William  A.  Tilden,  D.Sc.,  F.R.S.  2  Plates  and  143  Woodcuts.  10s. 
net. 

Valentin’s  Practical  Chemistry.  By  Dr.  W.  R. 

Hodgkinson,  F.R.S. E.  Tenth  Edition.  97  Illustrations.  10s.  net. 

Qualitative  Analysis  and  Practical  Chemistry.  By 

Frank  Clowes,  D.Sc. Bond.,  Emeritus  Professor  of  Chemistry  Univer¬ 
sity  College,  Nottingham.  Eighth  Edition.  102  Engravings.  7s.6f7.net. 

Quantitative  Analysis.  By  Frank  Clowes,  D.Sc.Lond., 

and  J.  B.  Coleman,  A.R.C.Sc. Dub.,  Professor  of  Chemistry,  South-West 
London  Polytechnic.  Tenth  Edition.  136  Engravings.  10s.  Qd.  net. 

By  the  same  Authors. 

Elementary  Practical  Chemistry. 

Part  I.  Sixth  Edition.  General  Chemistry.  75  Engravings.  3s.  Qd.  net. 
Part  II.  Eighth  Edition.  Analytical  Chemistry .  20  Engravings.  3s.6c7.net. 

A  Course  of  Practical  Chemistry.  By  A.  B.  Ryley, 

M.A.Oxon.,  Malvern  College.  Illustrated.  Interleaved.  5s.  net. 

Introduction  to  Chemical  Analysis.  By  Hugh  0.  H. 

Candy,  B.A.,  B.Sc.,  F.I.C.  3s.  6<7.  net. 

Researches  on  the  Affinities  of  the  Elements.  By 

Geoffrey  Martin,  B.Sc.Lond.  Illustrated.  16s.  net. 
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Handbook  of  Physics  and  Chemistry.  By 

Herbert  E.  Corbin,  B.Sc.Lond.,  and  Archibald  M.  Stewart,  B.Sc.Lond. 
Fourth  Edition.  183  Illustrations.  7s.  6 d.  net. 

Treatise  on  Physics.  By  Andrew  Gray,  LL.D., 

F.R.S.,  Professor  of  Natural  Philosophy  in  the  University  of  Glasgow. 
Vol.  I.  Dynamics  and  Properties  of  Matter.  350] Illustrations.  15s.  net. 

Text  =  book  of  Physics.  Edited  by  A.  Wilmer  Duff, 

D.Sc.  Fourth  Edition.  609  Illustrations.  10s.  6d.  net. 

A  Text=book  of  Physical  Chemistry,  Theory  and 

Practice.  By  A.  W.  Ewell,  Ph.D.  102  Illustrations  9s.  6d.  net. 

Physical  Measurements.  By  A.  Wilmer  Duff  and 

A.  W.  Ewell.  Second  Edition.  78  Illustrations.  7s.  6 d.  net. 

The  Conduction  of  Electricity  through  Gases  and 

Radio-activity.  By  R.  K.  McClung,  M.A.,  D.Sc.,  Lecturer  in  Physics, 
University  of  Manitoba.  78  Illustrations.  7s.  Qd.  net. 

The  Microscope  and  its  Revelations.  By  the  late 

William  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Eighth  Edition,  by  the  Rev. 
W.  H.  Dallinger,  F.R.S.  23  Plates  and  800  Wood  Engravings.  28s.  net.  ; 
or,  in  two  vols.,  sold  separately,  cloth,  14s.  net.  each.  Vol.  I.  The  Micro¬ 
scope  and  its  Accessories.  Vol.  II.  The  Microscope,  its  Revelations. 

The  Microtomist’s  Vade  =  Mecum.  By  Arthur  Bolles 

Lee.  Seventh  Edition.  15s.  net. 

The  Quarterly  Journal  of  Microscopical  Science. 

Edited  by  Sir  Rat  Lankester,  K.C.B.,  F.R.S.  Each  Number,  10s.  6 d.  net. 

The  Horticultural  Record.  By  Reginald  Cory. 

With  117  Plates  in  Colour  and  71  Black  and  White  Illustrations.  42s.  net. 

The  Story  of  Plant  Life  in  the  British  Isles.  By 

A.  R.  Horwood,  Member  of  the  British  Botanical  Society,  Ecological, 
Conchological  Societies,  etc.  In  3  vols.  With  many  Photographic  Illus¬ 
trations.  6s.  6 d.  net  per  volume. 

Plant  Anatomy.  By  William  Chase  Stevens,  Prof,  of 

Botany  Univ.  of  Kansas.  155  Illustrations.  Third  Edition.  12s.  6d.  net. 

The  Tobacco  Habit:  Its  History  and  Pathology. 

By  H.  H.  Tidswell,  M.R.C.S.,  L.R.C.P.  3s.  6d.»net. 

The  Dawn  of  the  Health  Age.  By  Benjamin  Moore, 

M. A.,  D.Sc.,  M.R.C.S.,  L.R.C.P.  Cloth  3s.  6d.  net.  Paperls.net. 

Therapeutic  Electricity  and  Practical  Muscle  Test¬ 

ing.  By  W.  S.  Hedlet,  M.D.  110  Illustrations.  8s.  6 d.  net. 

A  Manual  for  Hospital  Nurses.  By  Edward  J. 

Domville,  L.R.C.P.Lond.,  M.R.C.S.Eng.  Ninth  Edition.  Is.  net. 

The  Story  of  a  Red  Cross  Unit  in  Serbia.  By 

J.  Berry,  F.R.C.S.,  F.  May  Dickinson  Berry,  M.D.,  W.  Lyon 
Blease,  LL.M.,  etc.  Dedicated  to  the  Crown  Prince  of  Serbia.  With 
28  Photographs,  Map,  and  Portrait  of  Crown  Prince  of  Serbia.  6s.  net. 

St.  Thomas’s  Hospital  Reports.  Vol.  43.  8s.  6d.  net. 
Guy’s  Hospital  Reports.  Vol.  52.  10s.  6d.  net. 
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